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Studies on the effect of some-agro- chemical on nitrogen 
transformations in soil 1 — Nitrate nitrogen carrier 


By 

S. P. JAISWAL & A. K- VERMA 
Sugarcane Research Station, Punjab Agril, University, Jullundur Cantt. 

[(Received on 25th May, 1969] 

Abstract 

Effect of telodrin and gamma isomer of benzene hexachloride on transforma- 
tions of soil and fertilizer nitrogen under two moisture regimes have been 
investigated. These pesticides were found to accelerate the accumulation of 
available nitrogen interlocked in soil organic matter probably by increasing the 
activity of microorganisms responsible for mineralisation of soil organic matter. 
Telodrin at higher rate of application also favoured accumulation of ammoniacal 
nitrogen. With the addition of fertilizer nitrogen in the form of sodium nitrate 
gradual loss of nitrogen was noticed which was suppressed to a great extent 
with the pesticidal treatments. 6 


Soil insecticides like telodrin* and gamma BHC** when applied to crops 
through soil have been reported to be very efficacious in the control of soil har- 
bouring pests and boosting yields 6 ’ 8 . Yield increase by these chemicals especially 
the former has been found to be of such a magnitude that it can hardly be ascrib- 
ed to control of pests alone. In search of other probable factors responsible for 
this yield boost a series of experiments were conducted. Babu et aP reported that 
by application of these chemicals nitrogen concentration in 3 6th leaf lamina of 
sugarcane increase?. A Priorie it was suspected that these chemicals may in some- 
way be favourably affecting the utilization of nitrogen in soil. In this communica- 
tion the effect of these two chemicals on transformations of soil and sodium nitrate 
fertilizer nitrogen under controlled laboratory conditions have been reported. 
Cane crop requires frequent irrigation and thus the moisture saturated condition 
is seldom encountered. In view of this fact the studies have been conducted under 
two moisture levels i.e. 40% water holding capacity and 100% water holding 
capacity. ' u 


"tSSlSSSa- 1 ’' ’.3. *.5. 6. 7. 8, 8-Octaehloro-3 
**Gamma BHC is gamma isomer of 1, 2, 3. 4. 5, 6- hexachlorocyclohexane 
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Material and Methods 

Soil used in these experiments was collected from the fields of Sugarcane 
Research Station, Jullundur Gantt. It was dried in air under shade and passed 
through 100 mesh sieve. For incubation work 500 g lots of this soil were taken 
in each of the required number of wide mouthed glass bottles and treatments 
shown in table I and II were set up. Nitrogen was added in the form of sodium 
nitrate (laboratory grade) at the rate of 100 ppm. Telodrin ( 15% E. G.) and 
gamma BHG (20% E. G.) were first emulsified with water and then required 
quantity added to the bottles. Additional amounts of water were added to the 
soil contained in bottles to obtain in requisite moisture level. Now the contents 
of the bottle were thoroughly mixed to ensure uniform distribution to additives. 
To maintain required moisture level during the incubation period distilled water 
was added every five days to make up for evaporation losses and contents were 
thoroughly mixed. The experiment was run in two series. Mean average 
temperature during the course of the experiment was 28°G. 


TABLE I 

Effect of pesticides on nitrogen transformation in soil 
Moisture level — 40% water holding capacity 


Ammonical nitro. Nitrate nitrogen Amm.-f nitrate Total 

gen ppm in ppm nitrogen ppm nitrogen ppm 

Treatments Period in days Period in days Period in days Period in days 


0 

10 

30 

75 

0 

10 

30 

75 

0 

10 

30 

75 

30 

75 

Soil alone 8 

6 

6 

4 

12 

16 

20 

18 

20 

22 

26 

22 

337 

323 

Soil + Tj 6 

10 

5 

8 

16 

20 

24 

26 

22 

30 

29 

34 

337 

326 

Soil •jf Gj 5 

4 

7 

8 

14 

20 

22 

23 

19 

24 

29 

31 

332 

323 

Soil -f~ T2 8 

16 

20 

11 

15 

22 

27 

27 

23 

38 

47 

38 

342 

331 

Soil -f' G 3 9 

6 

12 

10 

10 

26 

20 

25 

19 

32 

32 

35 

339 

328 

Soil + NaN0 3 9 

8 

10 

8 

109 

102 

92 

84 

118 

110 

102 

92 

432 

408 

Soil + NaNO s 

+ Tj 6 

14 

12 

9 

113 

106 

102 

100 

119 

120 114 

109 

438 

423 

Soil + NaNO s 
+ Gj 5 

10 

7 

9 

112 

110 

100 

93 

117 

120 107 

102 

427 

410 

Soil + NaNO s 

• + t 2 10 

15 

15 

14 

114 

108 

105 

100 

124 

123 

120 

114 

435 

428 

Soil + NaNO s 
+ G s 10 

10 

15 

10 

116 

102 

106 

98 

126 112 

121 

108 

430 

415 


respectively. lepreSMt **“ ° f application of telodri “ «t0-75 and 3’75 ppm (actual ingredient) 
re S pe«iv?iy. rePre! “ 1 ° f appUcatio11 of S»mma BHG at I and. 5 ppm (actual in gradient) 
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TABLE II 


Effect of pesticides on nitrogen transformations in soil 
Moisture level — 100% water holding capacity 



Ammoniacal nitro- Nitrate nitrogen Amm.+nitrate 

Total 

Treatments 

gen ppm 
Period in days 

in ppm 
Period in days 

nitrogen ppm 
Period in days 

nitrogen ppm 
Period in days 


0 

10 

30 

75 

0 

10 

30 

75 

0 

10 

30 

75 

30 

75 

Soil alone 

7 

7 

8 

7 

10 

15 

15 

16 

17 

22 

23 

23 

331 

319 

Soil + Tj 

7 

12 

10 

14 

14 

16 

20 

20 

21 

28 

30 

34 

331 

323 

Soil + Gj 

6 

5 

11 

10 

12 

20 

16 

20 

17 

26 

27 

30 

332 

326 

Soil -f* T 2 

11 

14 

25 

20 

6 

12 

16 

24 

17 

26 

41 

44 

332 

328 

Soil + G 2 

8 

9 

16 

10 

16 

16 

24 

24 

24 

25 

40 

34 

336 

321 

Soil + NaNO s 

10 

4 

12 

9 

112 

100 

84 

75 

122 

104 

96 

83 

420 

390 

Soil ■}■ NaNO s 
+ Tj 

8 

13 

16 

10 

112 

107 

96 

89 

120 

120 

112 

99 

430 

411 

Soil "I - NaNOg 
+ G X 

10 

7 

13 

10 

106 

112 

98 

85 

116 

119 

111 

95 

420 

400 

Soil + NaN0 3 
+ Ta 

10 

14 

25 

18 

115 

106 

98 

90 

125 

120 

123 

108 

435 

420 

Soil + NaN0 3 

+ g 2 

9 

12 

13 

10 

108 

107 

86 

94 

117 

119 

99 

104 

430 

410 


T lt T 3 represent rate of application of telodrin at 0*75 and 3 75 ppm (actual ingredient) 
respectively. 


Gi, G 2 reaptesent rate of application of gamma BHG at 1 and 5 ppm (actual ingredient) 
respectively. 

At intervals of 10, 30 and 75 days soil samples were drawn and various 
determinations made. For zero days reading, samples wiere drawn 16 hours after 
starting incubation to make allowance for stabilization of moisture and additives. 
While drawing soil samples for other determinations, 15 g soil was simultaneously 
taken in china clay dishes and heated for 8 hours in an electric oven at 100-1 10°G. 
and moisture percentages calculated. After making necessary corrections for 
moisture, results were expressed on oven dry basis. Ammoniacal nitrogen was 
determined in N KC1 leachate of moist soil by distilling with ignited MgO, 
ammonia evolved being absorbed in 4% boric acid and titrated with 0*02 N 
H 2 S0 4 . For nitrogen, the residue left after ammonia determination was diluted 
with water, reduced with Devarda’s alloy, distilled, collected and titrated as for 
ammoniacal nitrogen. 7 Total nitrogen was determined by Kjeldahl salicylic acid 
reduction method to include nitrate nitrogen (Jackson, 1958) 4 . 

Results and Discussion 

The results recorded in tables I and II represent the means of ± two 
replicates of each treatment. 

Addition of gamma BHG and telodrin to the soil apparently increases its 
available nitrogen content and the effect is more pronounced with increased 
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moisture level. Bollen et aP have also reported beneficial action of gamma BHC 
on bacterial population and their physiological activity. In a laborarory study 
Jaiswal 5 observed that application of telodrin and gamma BHG in moderate dosage 
increases bacterial population and nitrification of ammonium sulphate. The 
increase in available nitrogen content appears to be as a result of intervention of 
traces of insecticides in enzymes or other catalytic system involved in the nutrition 
of the micro-organisms responsible for mineralisation of soil organic matter. 
More pronounced increases in available nitrogen under higher moisture level may 
be on account of greater activity of these insecticides at higher moisture level. It 
is in line with the observations of Harris 3 who reported greater activity of a 
number of insecticides with increasing mbisture level. 

With higher dose of telodrin application (25 ppm.) there was consistant 
accumulation of ammoniacal nitrogen under both the moisture regimes. This is 
probably due to suppression of the activity of nitrosomonas the bacteria responsible 
for conversion of ammonium ion into nitrite ion. Srivastava 9 has also observed 
suppression of nitrification of ammonium sulphate by the application of telodrin. 

The results recorded in tables I and II show that when sodium nitrate is 
added to the soil there is a gradual loss of nitrogen and it is more pronounced with 
higher moisture level. Presence of excess of moisture in the soil is very likely to 
exclude air from soil interspaces and create anaerobic conditions and thus 
accentuate the process of denitrification and increase the loss of nitrogen. It can 
also be seen that in the treatments where the insecticides have been added 
especially in higher doses, the total available nitrogen (nitrate + ammoniacal) is 
invariably more. This could happen either by increased availability of soil 
interlocked nitrogen or decreased loss of fertilizer nitrogen or both. Higher total 
nitrogen values observed under insecticidal treatments shows that insecticides 
reduce the loss of nitrogen. Increased nitrogen fixation observed by TaiswaP with 
the addition of gamma BHG and telodrin can also be explained on the baii, of 
this contention. J 


From the above findings it can be concluded that application of gamma BHG 
and telodrin to the soil liberates available nitrogen interlocked in soil organic 
Tflodnn at higher rate of application favours accumulation of ammonia- 
cal nitrogen. The insecticides also seem to retard the process of denitrification 
*f S ° f fertlh f er nitrogen. The fertilizer conserving action of the 
insecticides, thus seems to be partly responsible for boosting the cane yield 
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On Dual Integral Equations 

By 

S. L. KALLA 

Department of Mathematics, University of Jodhpur, Jodhpur {Raj.) India 
[Received on 25tli April, 1968] 

Abstract 

In this paper a formal solution of the pair of dual integral equations : 


j; 


a i+ 2 /x- 2 t; [1 +*(«)] $(a) (*x)*+ l J v (ax) da = /(*), 0 < x < 1 


J (j>(a) Jp(ax) da ~ 0 > * > 1, /*>-§, -• j < j* - 0 < J, 

where JR(«) and f(x) are prescribed functions of a and x, and <j>{ a) is unknown is 
derived (in the sense of reduction to a Fredholm integral equation of second type 
which can be best solved numerically). 

1. Introduction 

Dual integral equations of some complicated type arise in the discussion of 
mixed boundary value problems. They can be written in the form 


J orP [l+£ [a)] <p (a ) ] v (ax) da =/(*), 0 < X < 1 

n 00 

J a- a J p(ax) da = F{x), X > 1 


(H) 

( 1 - 2 ) 


where the functions R{a),f{x) and F(x) are prescribed in the ranges stated and 
<f)(a ) is to be determined. 

A solution of these equations in the case v «= fi = 0, andF(tf) = 0 was given 
by Tranter (7) and for the case p. = v was given by him (8) in 1954, Cooke (1) 
gave a solution which is the integral analogue of Tranter’s method ; in it the 
unknown function satisfies a linear integral equation of the second kind of 
Fredholm’s type. A special case of physical interest was discussed by the same 
method derived independently by Lebedev and Ufliand ( 4 ). A general solution, 
derived by a different method, was also given by Noble (5). In all these investi- 
gation it was assumed that F(x) = 0. 

The object of the present paper is to obtain a solution of the pair of dual 
integral equations : 

f" [!+*(«)] *(«) da -/(#), 0 < * < 1 * (1*3) 

J o 

</>(“) («) ,1+i w«) do. B 0, X > 1 {X > - 3/2, - i < M - V < i, (1-4) 


[ 5 ] 



where /?(<*) and/(*) are prescribed functions of « and x and <j>(a) is to be deter- 
mined by a generalization of a method due to Srivastava (6) who obtained a 
solution for the special case when V- = v. The analysis given here is purely formal. 

2. Solution of dual integral equations (1 - 3) and ( 1 ‘4) 

We set 

#«) - f hvjihi h) dt (2-i) 

J 2 

where f(t} is a function to be determined. The equation (1*4) is automatically 
satisfied with the value of given by (2'L) by virtue of the result [3, p. 48(7)] 

h(at) Mbt) t :>+**** dt = 


Re{ A) > «»(/*) > - 1. 


0 


b*\d 2 - 


, 0 < a < A 
0 < A < a 


( 2 * 2 ) 


To deal with the equation (1*3), we integrate it w. r. t. x from 0 to * and 
thus we get 

C(*) = J* /(*) d* = J" [l+*(«)] *(«) («*)* + 1 J v+1 (ax) da ( 2 - 3 ) 

Now substituting the value of $(«) ftom (2i ) in (2*3) we get 

I f Jp+i («/)/«+ i ( ft *) da dt 

Jo Jo 

+ J” *(•) da£ t-l’-i **+!;„+ J («0/ fl+1 («*) dt = (?(*), * < 1 (2-4) 

Now the first integral in (2*4) is equivalent to 


P * V+1 ^ *(t) dtf a •*■*+* J Mi («0 Jv+i (ax) da 

J 0 Jo 


0 

2 *»-»+* 


/: 


tA(2) dt 


T(»-H 1) J 0 (* 3 -t 3 )M-v+i » 

• ' * < l > (M-l) > (|»+J) > _ 1. 

by virtue of the result [3, p. 47(8)] 


f 9 t^J x{a t)J lx (bt)dt = 


0 

2A-M4J a X 


(2'5) 


*«(<*) > Re(x) > - 1 
The second integral of (2-4) can be written as 


, 0<A<a 

l r(/i-X) W 0<a<A (2-6) 


J» (f ) M+4 « # > dt J" {ax) v-,Hl JflH {at) ; u+i ((U) A(a) ^ 


*<1. (2-7) 
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By virtue of the result, 

, 1S _ 2 *+•-*• f* a“+ 1 7„(«u) </« 

Jll+i { at ) - tM . t # ( t 2 _ „2)V-/*+| 


the second integral of (2 # 7) is equivalent to 

f ‘ [ J 0 (*“) 1 * B_/ * (**)* M ««) ■/’•+1 ( a *) da ] 

2 ft t v -< x ( */<)«+* /f(u, *) 

“ ;J 0 (P-u^-r+i ~~ 

where 

OV-/A4-3/2 f* 

H(tt, x) = r(„-i4I) ~ W** *< tt ) («*)* /•+!(«*) (««) } ;.(««) * 

Hence the result (2*7) can be replaced by 


— f ^(x/ty+^+t f[t) dt[* 

* J 0 Jo 


H(u, x ) du 


Substituting the values of first and second integral from (2*5) and 
the result (2-4), we get 


2 /*-»+!,. r® ^(i) dt 2 f 1 

f(MHT) Jo + *J o 


(V-I 1 


y+f** 1 



H(u,x) du 


= <?(*)> # < 1 


If A(#) and h r (x) be continuous in 0 < x < a and 0 < A < 1 
solution of 

f(t) (X s -p)- k dt - A(x) 
is 

^(f) = 2_sin_^_ _</ f o (* 2 _ b 2^-i ^ 

7t dt J q 

This is a simple transformation of Abel’s integral equation as 
Copson(2j. 

Using (2*13) and (2*14) in (2*12j, we obtain 


2P-V+1 4 f 1 

r(g-« ' +a) h ^ + ** sin J M (*> 0 x 

(~ dt f o vll (°) ( <? _ "T' 4 ’ -4 dv^j dt = GO), x < 1, 0 < (f*-»+i) < 1 


where 




( 2 - 8 ) 

(2‘9) 

(2*10) 

( 2 - 11 ) 
(2*1 1 } in 

( 2 - 12 ) 

then the 
(2-13) 

(2-14) 
given by 

(2-15) 

(2-16) 


[ 7 ] 



Now integrating by parts, we obtain 

J l M(x, t) (fy J‘ » h(v) (fi - v 2 )M dv) dt 


J 0 J 4 0 

= \^M(x, t) j V h (o) (t 2 - V 2 )t i - v -i dv M\ (x, t ) Jo y 3 _ v l)i+v~y. dt 

= M(x,l)J g - J / A (°) *J # (Im^FhwT 

= J A(n) £(*, a) </», 


where 


, , ^ vMx.l) _ f3 (x } t) dt 

k i x > *> (l_ 0 2)i+»-/* v J Q (F^)i+ V -I j - 


(2-17) 

(2*18) 


Now using the result (2*17) in (2-15), we get 
2H-B+4 .... 4 




K*) + 


f h(s) k(x. v) dv 


‘2 


This is a Fredholm integral equation of second kind, which can be best solved 
numerically. Knowing h(x), we can obtain f(t) from (2*14) and thus $(a) can be 
emulated from (2*1). 
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V Effect of Organic matter and Phosphate on the Yield 

of Paddy and Wheat in Field 


By 

Nf. R. DHAR & G. N. BHAT 

Sheila Dhar Institute . of Soil Science, Allahabad University, Allahabad 
,t [Received on 29th April, 1968J 

In this part of our work we have studied the effect of different organic 
materials like Wheat stravv, mixture of grasses and Paddy straw alone and in 
combination with phosphate like Tata basic slag and German basic slag on the 
yield of paddy grain, paddy straw, wheat -grain and wheat straw in field trials. 

1 k ' ' 


Methods and Materials 

The field trials were conducted at Jograjpur (Allahabad) in a farmer’s field. 
The area selected for the experiment was a uniform one* For the selection of 
the site, experience oflocal farmers was utilised. Soil samples were taken out 
from different layers and from different parts upto the depth of six inches 
so as to determine the uniformity of the soil of the field. The soil of the field 
was of alluvial type in which Crops were continuously grown for a number of 
years. The field was ploughed and the amendments were added on 14th June, 

1962. The fields were irrigated till the advent of the lains and six ploughings 
were given during the decomposition and oxidation of the organic matter. Paddy 
was transplanted on 2nd August, 1962 and soil samples were taken out for analysis 
one day before the transplatation. Paddy was harvested on 5th November, 1962 
and soil samples were again collected from each plot and analysed. The field 
was again prepared and Wheat was sown which was harvested on 26th March, 

1963. Soil Samples were once again collected and analysed. A third crop of 
paddy was then sown in the same field without any further treatment in order to 
determine the residual effect of the organic matter and Phosphate. 


Canal Water was used for irrigation of the crops. 


Design of the Experiment 
Number of treatments 
Number of replications 
Number of Plots 
Area and size of the plot 


Randomized block Layout 
12 
6 
72 

1/oOth of an acre (33 f x 22') 


Rate of addition of the amendments per acre : 

Organic materials 10 tons 

Phosphate (P 2 O fl ) (Tata basic slag or German basic slag) 60 lbs. 

The experimental results are recorded in the subsequent pages. 
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In the data, the following abbreviations have been used for th^ phosphates ' 
G.B.S. for German basic slag 
T.BJS. for Tata basic slag 

TABLE I 


Chemical composition (%) of materials ( oven dried ) 



Soil + grasses Paddy straw Wheat straw Soil 

German 

basic 

slag 

Tata 

basic 

slag 

Loss on 

90-4263 

90-0750 



3-9153 

1 


Ignition 

Ash 

: 9-5737 

9-6251 

8-985 

96 0847 



HC1 insoluble 5*0688 

5-4712 

— ‘ " 

81-6130 

‘ r ■ ' _ 


Sesquioxide 

1-9732 

1-9007 

- 

11-2071 

— 


Fe 2 0 3 

0-8716 

0-9251 

0-501 

4-2630 

7-2000 ‘ 

7-132 

CaO 

0-8325 

0-7053 

0-745 

0-9863 

33-5500 

25-324 

P s O, 

0-4727 

0-3987 

0-281 

0-0815 

17-9050 

7 - 60 1 3 

K 2 G 

0-7126 

0-6641 

1-038 

0-9578 

9’5250 

•’ 10-12 

MgO 

. 0-2605 

0-1892 

0-197 

0-5990 : 

5-5050 

3-969 

Available P, 

A - 

* 


' 0-0164 

9-3969 

3-825 

^TotattG 

35-7274 

- 34*3135 

38-462 

0-5648 



Total-N 

• 0-6001 

0*5368 

0-624 

■ 0-0553 

, , 


. NH S -N 

- 

r- 


0 0041 

_ 


NOj-N 

- 

z. 

. — 

0-0061 



G/N 

: 59-5 

64*1 

61-6 

10-2 




TABLE 2 


Composition of soil (%) before Paddy transplantation 


treatments 

Soil alone Soil* Wheat Soil -{-Wheat Soil-f Wheat 
(control) ' straw straw -f-T.B.S; straw+G’.B.S. 


Soil+ Soil-f 
grasses grasses 4- 
T.B.S. 


GaO 


0-0815 


AvailableP,O s 0*0 169 
KjO " 0-9576 

MgO - 0-5990 

Total-G 0-5619 

Total-N 0-0550 

NHa-N 0-0040 

NOj-N 00061 

C/N 10-2 


1-0468 

0-0886 

0-0238 

1*0280 

0-6194 

0-7415 

0-0754 

0-0059 

0-0082 

9-8 


0-1172 

0- 0485 

1- 1291 
0-6536 
0-684) 
0-091 1‘ 
0-0085 
00118 
7-8 


-1-4160 

0*1187 

0- 0498 

1- 1323 
“0-6587 

0-6821 
"0-0920 
0-0088 
0-0122 
7-2 


"4-0517 
0? 0880 
00231 
1-0310 
0-6297 
0-7321 
0-0748 
0-0058 
0-0079 
9-6 


1-4131 
0-1169 
0-0473 
M303 
0-6631 
0-6744 
0-0898 
0-0083 
0-0115 
7-3 


If - 


Table 2 — [contd. ) 



Soil + grasses Soil + Paddy Soil+Paddy 
-fG.B.S. straw straw+T.B.S. 

Soil -f Paddy 
straw+G.B.S. 

Soll+ 

T.B.S. 

Soil 4- 
G.B.S. 

CaO 

1-4178 

1-0442 

1 -4052 

1-4093 

1-3062 

1-3126 


0-1181 

0-0869 

0-1158 

0-1167 

0-1114 

0-1135 

Available PoO* 0*0485 

0-0220 

0-0450 

0*0465 

0-0231 

0-0240 

K,0 

1-1334 

1-0131 

0-1227 

1-1260 

1-0811 

1-0836 

MeO 

0-6669 

0-6240 

0 6578 

0-6619 

0-6343 

0-6381 

Total-C 

0-6708 

0 7236 

0-6689 

0-6657 

0-5592 

0-5587 

Total-N 

0-0909 

0-0737 

0-0873 

0-0881 

0-0551 

0-0552 

nh 3 n 

0-0085 

0-0056 

0-0080 

0-0081 

0-0040 

0-0041 

NOg-N 

0-0119 

0.0077 

0-0109 

0-0113 

00062 

0-0062 

C/N 

7*2 

9-5 

7-4 

7-3 

10 1 

10-1 


table s 


Composition of Soil (%) after harvesting of Paddy crop 




TREATMENTS 







Soil+ 

Soil + 


Soil 4 
grasses 4 - 
T.B.S. 


Soil alone 

Soil -+" Wheat 

Wheat 

Wheat 

Soil 4 - 


(control) 

straw 

straw-f 

T.B.S. 

straw+ 

G.B.S. 

grasses 

CaG 

0-9782 

1-0156 

1*3402 

l -3452 

1-0172 

1-3419 

p 2 o b 

00809 

0-0858 

0-1120 

0-1138 

0-0849 

0-1115 

Available PoO 

. 0-0161 

0-0271 

0-0531. 

0-0548 

0-0259 

0-0518 

KnO 

0-9501 

1-0001 • 

1 -0552 

1-0578 

1-0019 

1-0561 

MgO 

Total-G 

0-5980 

0-6112 

0-6351 

0-6370 

0-6179 

0-6411 

0-5581 

0-6979 

0-6321 

0-6288 

0-6887 

0-6236 

Total-N 

0 0544 

0-0722 

0-0861 

0-0867 

0-0717 

0-0849 

NHg-N 

NOg-N 

0 0038 

0*0055 

0*0079 

0-0082 

0-0053 

00075 

0-0059 

0 0077 

0-0110 

0-0113 

0-0074 

0-0109 

C/N 

10-2 

9*6 

7-3 

7-2 

9-6 

7-3 


Soil+ 

Soil + 
Paddy 
straw 

Soil + 
Paddy 

Soil 4- 
Paddy 

Soil 4- 

Soil 4 - 


grasses -h 
G.B.S. 

straw + 
T.B.S. 

straw+ 

G.B.S. 

T.B.S. 

G.B.S. 

~CaO 

1-3467 

1-0122 

1-3233 

1-3392 

1-2807 

1-2846 

Available P a O 

0 1129 

0-0837 

0-1102 

0-1112 

0-1082 

0-1094 

s 0-0532 

0-0248 

0-0500 

0-0518 

0-0240 

0-0249 

k 2 o 

MgO 

T0585 

0-9854 

1-0464 

1-0509 

1-0541 

1 -0559 

0-6432 

0-6131 

0-6392 

0-6409 

0-6241 

0-6273 

Total-G 

0-6201 

0-6724 

0-6177 

0-6168 

0-5551 

0-5546 

Total-N 

00858 

0 0702 

0-0833 

00841 

0-0545 

0-0546. 

NHg-N 

0-0076 

0-0052 

0-0073 

0-0073 

0-0039 

0 0039 

NOg-N 

G/N 

0-01 13. 

0-0072 

0-0101 

. 0 0106 

0-0060 

0-0061 

7-2 

9-5 

7-4 

7-3. 

10-1 

10-1 
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TABLE 4 

Composition of Soil (%) after harvesting of Wheat crop 



Soil 

alone 

(control) 

Soil+ 

Wheat 

straw 

TREATMENTS 

Soil-f- Soil+ 
Wheat Wheat 

s raw* straw+ 

T.B.S, G.B.S. 

Soil-f 

grasses 

Soil+ 

grasses-f 

T.B.S. 

CaO 

0-9721 

0-9946 

1-2567 

1-2605 

0-9941 

1-2559 

PA 

00805 

0-0837 

0-1065 

0-1071 

0-0827 

0-1048 

Avaiable P 2 O s 

0-0146 

0-0251 

0-0502 

0 0518 

0-0241 

0-0487 

k 2 o 

0-9439 

0-9789 

1-0048 

1-0078 

0-9774 

1-0043 

MgO 

0-5972 

0-6025 

0-6212 

0-6235 

0-6080 

0-6345 

Total-C 

0-5473 

0 6616 

0-6002 

0-5958 

0-6522 

0-5926 

Total-N 

0*0537 

0-0671 

0-0791 

0-0794 

0-0665 

0-0779 

nh 3 -n 

0-0037 

0-0050 

0-0069 

0-0071 

0-0048 

0-0066 

NOj-N 

0-0056 

0-0071 

o-oioo 

0-0103 

0-0067 

0-0096 

C/N 

10-1 

9-8 

7-5 

7-5 

9-8 

7-6 


SoiJ+ 

Soil -f- 

Soild- 

Soil-f 




grasses-J- 

Paddy 

Paddy 

Paddy 

Soil + 

Soil+ 


T,B,S. 

straw 

straw-f- 

straw-f- 

T.B.S. 

G.B.S. 




T.B.S. 

G.B.S. 




CaO 

1-2598 

0-9912 

PA 

0-1054 

0-0814 

Available P 2 0, 

0-0499 

0-0220 

KjO 

1-0062 

0-9663 

}uO 

0-6362 

0-6043 

Total-G 

0-5890 

06466 

Total-N 

0-0784 

0-0658 

NH.-N 

0-0068 

0-0047 

NOjtN 

o-oioo 

0-0064 

C/N 

7-5 

9*8 


1-2390 

1-2462 

1-2715 

1-2727 

0-1037 

01042 

0-1054 

0-1065 

00469 

0-0482 

0-0212 

0-0229 

0-9975 

0-9993 

0-0336 

0 0351 

0-6283 

0-6299 

0-6205 

0-6232 

0-5856 

0-5851 

0-5427 

0-5414 

0-0763 

0-768 

0-0539 

0-0539- 

0-0062 

0-0063 

0-0036 

0-0037 

0-0094 

0-0098 

0-0058 

0-0058 

7-6 

7-6 

10-0 

10-0 


TABLE 5 


Yield of P addy grain in Kgms. 


Treatments 1 

2 

o — 

BLOCKS 

3 

4 

5 

6 

Total 

Soil + alone 

(control) 10-50 

Soil 4 - Wheat 

9-00 

11-25 

9-25 

11-50 

12-00 

63-50 

straw 18-00 

Soil + Wheat 

straw+T.B.S. 21-50 
Soil % Wheat 

straw -f G.B.S 24-75 

18-50 

23-50 

23-25 

16-50 

22- 50 

23- 50 

17-25 

22-75 

26-26 

16-75 

24- 25 

25- 25 

18-75 

23-00 

25-75 

105-75 

137-50 

148-75 
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Table 5— (c ntd .) 


Soil + grasses 
Soil + grasses 

17-00 

18-50 

17-25 

24-00 

16-25 

18-25 

16-50 

103-75 

+ T.BJS 

22-00 

23-50 

20-50 

23-00 

22-25 

135-25 

Soil + grasses 
*1“ G.B.S. 

Soil 4 - Paddy 

24-50 

25-50 

24-00 

22-50 

25-00 

23-00 

144-50 

straw 

16-25 

17-00 

16-50 

15-75 

17-25 

15-25 

98-00 

Soil + Paddy 
straw +T.B.S. 
Soil + Paddy 

20-75 

21-00 

19-75 

22-00 

18-75 

19-50 

121-75 

straw -1- G.B.S 

20*50 

23-00 

21-50 

21-25 

22-50 

22-25 

131-00 

Soil + T.B.S. 

11-00 

11-50 

12-75 

14-00 

12 00 

11-25 

72-50 

Soil •+ G.B.S. 

12-25 

11-00 

11-25 

13-50 

12-50 

13-75 

74-25 

Total 

219-00 

225-25 

220-75 

221-25 

227-00 

223-25 

1336-50 


Analysis of Variance of Yield data of Paddy grain 


Sources of 
variation 

D.F. 

S.S. 

M.S. 

Calculated 

F 

F from Table Leave of 
1% 5% Significance 

Blocks 

5 

3-74 - 

0-748 

0-913 

3-445 

2-385 

Treatments 

11 

1664-94 

151-35 

184-7 

5-32 

3*20 Very highly 
significant 

Error 

55 

45-09 

0-819 

- 


- 

Total 

71 

1713-77 

— 

— 

- 

— — 


TABLE 6 

Yield of Paddy straw in 

Kgms. 




Treatments 1 

2 

3 

BLOCKS 

4 5 

6 

Total 

Soil alone (control) 27 

29 

28 

30 

25 

26 

165 

Soil 4* Wheat straw 49 

51 

53 

48 

47 

50 

298 

Soil-f Wheat straw + T.B.S. 61 

65 

63 

65 

64 

67 

385 

Soil H- Wheat straw + G.B.S. 67 

65 

66 

69 

63 

69 

399 

Soil+grasses 49 

50 

53 

47 

49 

48 

296 

Soil 4- grasses + T.B.S. 60 

67 

63 

60 

62 

65 

377 

Soil + grasses + G.B.S. 65 

64 

60 

68 

63 

69 

389 

Soil + Paddy straw 46 

44 

46 

44 

42 

43 

265 

Soil-h Paddy straw + T.B.S. 62 

60 

62 

61 

.64 

57 

366 

Soil+ Paddy straw +G.B.S. 61 

64 

61 

68 

63 

61 

378 

Soil + T.B.S. 29 

33 

29 

35 

31 

36 

193 

Soil + G.B.S. 34 

30 

36 

31 

35 

33 

199 

Total 610 

622 

620 

626 

608 

624 

3710 
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Table 6 —(contd.) 


Analysis of Variance of Yield data of Paddy straw 


Sources of 
Variation 

D.F. 

s.s. 

M.S. 

Calculate 

F 

F from table 

1% ' 5% 

Level of 
Significane 

Blocks 

5 

23-66 

4-732 

0-17 

3*445 

2-385 


Treatments 

ii 

13571-33 1233-75 

44*33 

5-32 

3-20 

Yield is' 
significant 

Error 

55 

1531-01 

27-83 

- 

- 

- 


Total 

71 

15126-00 


- 

— 

— 



TABLE 7 

Yield of Wheat grain in Kgms. 
BLOCKS 


Treatmc nts 1 

2 

3 

4 

5 

6 

Total 

Soil 4 alone 

(control) 8*50 

9*50 

9-00 

7-00 

800 

10-75 

52-75 

Soil 4- Wheat 

straw 14*25 

14-75 

12-50 

13-25 

16-00 

13-50 

84-25 

Soil + Wheat 

straw +T.B,S.l7*00 

19-25 

21-50 

20-25 

20-25 

19-50 

117-75 

Soil + Wheat, 

straw -{-G.B.S. 20*50 

19-25 

20-25 

22-00 

20-75 

23-50 

126-25 

Soil 4 grasses 13*00 

14:25 

j2"00 

13-00 

12-50 

■ 14-50 

79-25 

Soil + grasses + 

T.B S. 17-50 

18-00 

20-25 

19-00 ■ 

20-75 

17-00 

1 12-50 

Soil -f grasses + 

GJB.S. 21*00 

18-50 

19-25 

21-00 

21-50 

18-50 

119*75 

Soil + Paddy 

straw 13 - 25 

Soil + Paddy straw 

11-00 

12-00 

14-00 

12-00 

11-75 

74-00 

+T.B.S. 15-25 

Soil-f Paddy straw 

17-50 

18-75 

16-25 

18-25 

16-50 

102-50 

+ G.B.S. 19-25 

18-50 

17-00 

20-25 

17-00 

18-00 

110-00 

Soil + T.B.S 9-50 

9-75 

8-00 

10-50 

1100 

11-25 

60*00 

Soil 4 G.B.S, 10*00 

9-50 

11-50 

10-25 

9-00 

13-00 

63*25 

Total 179-00 

179-75 

182-00 

186-75' 

187-00 

187-75 

1102-25 


Analysis of Variance of Yield data of Wheat grain 


Sources of 
Variation 

D.F. 

S.S. 

M.S. 

Calculated 

F 

F from table 

1 % 5% 

Leyal of 
Significance 

Blocks 

5 

6-82 

1-164 

0-657 

3*445 

2*385 


Treatments 11 

1233-02 

112-09 

63-32 

5-32 

3-20 

Yield is 








highly signi- 

Error 

55 

97-77 

1-77 


f - 


ficant. 

Total 

71 

1337-61 










— — 
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TABLE 8 


Yield of Wheat straw in Kgms. 


Treatments 

BLOCKS 

1 2 3 

4 

5 

6 

Total 

Soil alone (control) 

21 

22 

19 

18 

20 

21 

121 

Soil -j- Wheat straw 

32 

32 

34 

33 

36 

35 

202 

Soil f- Wheat straw + T. B. S. 

46 

47 

48 

45 

43 

45 

274 

Soil + Wheat straw + G. B. S’. 

53 

50 

49 

50 

48 

47 

297 

Soil -f- grasses 

33 

29 

34 

34 

31 

30 

191 

Soil + grasses + T. B. S. 

42 

46 

40 

45 

43 

42 

258 

Soil + grasses + G. B. S. 

43 

48 

43 

46 

45 

49 

274 

Soil + Paddy straw 

28 

29 

33 

29 

32 

30 

181 

Soil + Paddy straw + T.JB. S. 

41 

40 

42 

39 

38 

43 

243 

Soil -p Paddy straw + G. B. S. 

47 

45 

46 

45 

42 

43 

268 

Soil + T. B. S. 

24 

25 

25 

21 

22 

23 

140 

Soil + GrB. S. 

25 

23 

24 

26 

24 

27 

149 

Total 

435 

436 

437 

431 

424 

435 - 

2598 


Analysis of Variance of Yield data of Wheat straw 


Sources of D. F 

s. s 

M. S 

Calculated F from table 

Level of 

Variation 



F 

1% 

J /o 

significance 

Blocks 5 

10*11 

2-22 

1'1 

3-445 

2*385 



Treatments 1 1 

6636-78 603-34 

311-00 

5-32 

3*20 

Very highly 

Error 56 

106-89 

1-99 



_ 


significant 

Total 71 

6753*78 

- 

- 

- 

- 






TABLE 9 






Yield of Paddy grain in Kgms . 






BLOCKS 




Treatments 

i 

2 

3 

4 

5 

6 

Total 

Soil alone 








(control) 

Soil + Wheat 

11*00 

9-25 

10-25 

8-50 

11-75 

10-50 

61-25 

straw 

15-50 

13-50 

14-75 

13-75 

12-75 

12*50 

82-75 

Soil + Wheat 







straw + T.B.S. 
Soil + Wheat 

15-75 

18-25 

18 75 

16-50 

16-00 

17-50 

102-75 

straw + G.B.S. 16*75 

17-75 

18-00 

17-00 

16-25 

19*50 

105-25 

Soil +- grasses 

Soil + grasses + 

13-50 

13-00 

15-00 

12-50 

12-25 

12-75 

79-00 

T.B.S. 

Soil + grasses + , 

15-75 

14-50 

17-75 

16-50 

16-00 

16-75 

97-25 

G.B.S. 

15-00 

16*50 

16-75 

18-00 

15-50 

17-75 

99-50 
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Table 9 ~(contd.) 


Soil -J- Paddy 
straw 

13 '50 

12-00 

11-50 

Soil -f Paddy 
straw +T.B.S, 

14‘50 

17-25 

17-50 

Soil + Paddy 

straw + G.B.S. 17 '00 

14-50 

15-25 

Soil + TJ.S. 

10-25 

13-00 

11-25 

Soil + G.B.S. 

10-25 

11-50 

11-00 

Total 

168-75 

171-00 

177-75 


15-00 

13-75 

12-50 

78-25 

14-75 

15-75 

14-50 

94-25 

17-50 

10-00 

12-00 

17-00 

12-50 

10-75 

15-75 

10-75 

13-00 

97-00 

67- 75 

68- 50 

172-00 

170-25 

173-75 

1033-50 


Analysts of Variance of field data of Paddy grain 


Sources of 
Variation 

D. F. 

S. S. 

M.S, 

Blocks 

5 

4-198 

0-839 

Treatments 

11 

420-052 

38-186 

Error 

55 

87-511 

1-59 

Total 

71 

511-761 



Calculated F from table Level of 
F 1 % 5% significance 

0*527 3-445 2*385 

24-01 5-32 3-20 . Highly 

significant 


TABLE 10 - 

field of Paddy straw in Kgms. 


Treatments 


Soil alone (control) 

Soil + Wheat straw 

Soil + Wheat straw + T. B. S. 

Soil + Wheat st^aw + G. B. S. 

Soil + grasses 

Soil + grasses + T. B. S. 

Soil + grasses + G, B. S. 

Soil + Paddy straw 
Soil + Paddy straw + T. B. S. 
j|oil + Paddy straw + G. B. S. 
Soil ~)r T. B. S. 

Soil + G. B. S. 

Total 


BE 

OCKS 



: 1 

2 

3 

4 

5 

22 

25 

27 

26 

26 

35 

31 

33 

34 

37 

36 

42 

40 

42 

39 

40 

42 

45 

39 

44 

32 

36 

33 

35 

30 

37 

39 

36 

41 

35 

42 

39 

38 

36 

41 

33 

30 

32 

27 

32 

35 

33 

39 

37, 

34 

40 

41 

38 

35 

39 

27 

29 

28 

29 

25 

23 

29 

31 

29 

26 

407 

416 

i ' 

420 

410 

408 


6 

Total 

25 

151 

37 

207 

41 

240 

41 

251 

34 

200 

40 

228 

42 

238 

29 

183 

38 

216 

38 

231 

26 

164 

25, 

168 

416 

2474 



r ~ Analysis of Variance of field data of Paddy straw 


Sources of 
Variation 

D. F. 

S. S. 

M. S. 

Calculated 

F 

F from table 
1% 5% 

Level of 
significance 

Blocks 

5 

10-01 

2-00 

0-55 

3-445 

2-385 


Treatments 

11 

2008-02 

182-54 

50-28 

5-32 

3-20 

Highly 

significant 

Error 

55 

199-90 

3-634 


— 


Total 

71 

2217-94 

— 

— 

- 

— 



Discussion 

From an examination of the foregoing results it is observed that by applying 
different organic materials like Wheat straw, mixture of grasses and paddy straw 
to the field, higher yield both of wheat and paddy were obtained than in the 
'Control 5 plots in which no organic materials have been added. It is further 
observed that mixtures of phosphates and organic matter is better to increase 
grain yields of wheat and paddy than organic matter alone. The efficiency of 
different treatments in increasing the yield of paddy and Wheat crops was in 
the following order : 

Phosphated wheat straw > Phosphated grasses > Phosphated paddy straw 
> Wheat straw > Grasses > Paddy straw > G. B, S. > T. B. S.> Gontrol. 

The analysis of variances of the yield data of paddy grain and paddy straw 
(vide table-5 and table-6) show that the calculated values of F for grain and straw 
are 184*7 and 44*33 respectively which are highly significant at 10% and 5% levels. 

The analysis of variances of the yield data of wheat grain and wheat straw, 
according to table- 7 and table- 8 respectively also show highly significant effects 
of the treatments, as well as amongst principal variants. 

The yield of paddy grain and paddy straw (3rd crop) are recorded in tables 9 
and 10. Analysis of variance of the yield data shows highly significant effects 
due to treatments. The 3rd crop of paddy showed lower yields of grain and 
straw in comparison to the first paddy crop. This is due to the fact that the 
earlier crop of paddy and wheat might have taken up a part of the plant 
nutrients as is evident from the analysis of the soil before transplantation of paddy 
(vide table-2) after harvesting of wheat crop (vide table-4). 

It is very interesting to note that in these field triais there is a greater 
increase in the yield of paddy and wheat crops when organic materials are . used 
mixed with phosphates than when used alone. The difference in the yield of 
crops is due to the presence of higher amounts of total nitrogen, available nitrogen 
and available phosphate as is evident from the analysis of the soil after decom- 
position of organic materials and before transplantation of the paddy crop (vide 
table-2). The plots treated with organic materials and phosphate show greater 
amounts of total nitrogen, available nitrogen and available phosphate than plots 
which had no phosphate. Results recorded in ^bles 3 and 4 show that the 
percentage of total nitrogen in soil is greater in phosphate treated plots. 
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j&arraker, working in the tLS.A,, obtained the following results showing 
marked nitrogen fixation by mixture of manure and phosphates : 

Average of the three 
field treatments 

Nitrogen is soil 
lbs/acre 

Corn yield 
Bushels/acre 

No manure 

1600 

17 

Manure 

1760 

36 

Manure + phosphate 

1990 

51 


According to Dhar and co workers 1 , a mixture of organic substances like 
Farmyard manure, Straw, plant residues etc. and phosphates, when incorporated 
in soil, can build up the soil fertility permanently by fixing atmospheric nitrogen 
and supplying available nitrogen, phosphate, potash, trace elements and humus 
and thus maintain soil fertility. 

Lady Eve Balfour 2 of The Soil Association, New Bells Farm, Haughley, 
Suffolk, England, reported that the plot to which basic slag was added to the 
straw contained the largest amount of nitrogen and produced the biggest crop 
30*4 cwt. barley grain per acre, whilst the land to which 112 lbs. N was added, 
yielded only 20*8 cwt. barley grain per acre. The control plot produced 
14 cwt of barley grains. Similar results were obtained at Burdwan, Midnapore 
and Birbhum (Bengal) in India 3 by the incorporation of straw and phosphates 
together. 

It can, therefore, be concluded from the experimental results that a mixture 
of organic matter and phosphates is highly beneficial for increasing land fertility 
and production of crops. 
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Abstract 

Motion of gas element has been investigated for the uniformly rotating, 
homogeneous cylinder, mod6l of the barren galaxy. We have taken into account 
the resistance, of the medium, encountered by the flow of gas, and the forces due 
to gravitationJand rotation. We have considered resistance to vary as* v s , v 6, and 
V P cos P~ l $ (where is a positive even or odd integer, and $ is the angle which 
the tangent makes with the abscissa). For all the cases; the Cartesian coordinates, 
x and y, have been obtained as a function of the parameter c t\ These investiga- 
tions are found to be readily applicable if we consider, an uniformly rotating, 
homogeneous elliptic cylinder model for the barred galaxy. 


Introduction 

We have elsewhere discussed 1 ' 2 the possibility of the outward motion of gas 
assuming the uniformly rotating, homogeneous cylinder and homogeneous elliptic 
cylinder model for the barred galaxy. The outward flow of gas was discussed 
under the influence of forces due to gravitation and rotation. Since the gas 
element isr bound to experience some resistance, due to the presence of pervading 
gas and dust, we considered 1 it to vary as the velocity 3 . Since the variation of 
resistance, with velocity, is imperfectly understood even today we will assume 
different resistance laws, in this communication. The need of' the authentic 
relation is keenly felt for a better understanding of the extra-galactic phenomenon. 

Case 1 : ! 

The basic equations, in rotating coordinates, considering forces to the 
gravitation and rotation, and assuming the resistance to vary as the cube of 
the velocity, can be written as 


5 ^ ~ 2 12 ~ - 12 2 x — X c - Lv 3 cos f 
+ 2 12 ^ - 12 2 y = T c ~ Lv 3 sin $ 


( 1 ) 


where 12 is the uniform angular velocity, of the barred galaxy. X c and T c are the 
components of the gravitational force, at any internal point, of the cylinder, along 
the axes. The angle which the tangent makes with the abscissa is designated as 
It can be seen, as is usual on problems of galaxies, we have not considered effects 
due to pressure and the magnetic field. 


c 25 1 



tn equation (1) substituting X c = ~2itG p x, and assuming the condition 
Y c - L v* sin $ + y =* 0 

we have 

Oo dx 

dt 4 “ * It 

On integrating above equation, and applying the initial conditions, 
dy 

~~ «= - F c when x = x 0 , we find 

dy 


( 2 ) 

(3) 


dt 


= V c -2 & (x - x Q ) 


From equations (1) and (4), we have, on simplification 

~ -f (2 r G ? + 3 fl 4 ) * = (2 fl V 6 + 4 n\) - l j 

As an approximation let us take 1 the values of^and^, when resistance 
is not considered, as follows : 


(4) 

( 5 ) 


dx 


where 


dt a 3 * n bt and — = c + d cos bt 


( 6 ) 


a m > ^ X ° d~ 2fl v c -2ir G p Xo 

(2 «■ Gp + 3fl 3 ) 1 / 2 
* » (2 7 T Gp + 3 fi 4 )’/ 4 

c = ( Fc + 2 fi Xo) (2* Gp- fl 2 ) 

2 it Gp -j- 3 o 4 

and d » 2 - Q ( fl2 *o + 2ftV a - 2 «■ G p x 0 ) 

2ttGp + 3 g 4 

N ° W It ' (dt) = « s in { a 3 sin 4 bt + ( c + d eos bt f} 
which yields on simplification 

dx /*V- / 3fl8 i » «d a \ 

If ‘ \dt J \ 4 + ‘ + — J sin bt -f acd sin 2 bt 

, ( a s a<f 2 \ 

+ ( “'4 + sm 3 bt 

From equations (5), (7) and (9), we have 
d 2 x 

* + * = (2fi * + 4QS - * (t + «• + £ ) sin H 
- L acd sin 2 bt - L ^ sin 3 At 


(?) 


( 8 ) 


( 9 ) 


C 26 J 


( 10 ) 



The solution of which is easily seen to be 

/-> n • Lj. i "f" 4^2*0 L L (*&€? j 9 | 

* = C x COS bt + C 2 sin bt + p + 26 ( “4“ + + "4:) 

sin 3 bt 


Lacd . . L fad 2 a 3 


* . UUI/U . rtf . , **-# / C4I* fi 3 \ 

/ cos bt + -gp sin 23# + ^ 4 J 


(ID 


where C x and C 2 are arbitraiy constants. Their values can be derived, using the 
initial conditions, as 


and 


Co » 


- La 
96b 0 


u i ~ a 

(27 <2 2 + 48c 3 + 21c? 3 + 64cd) 


( 12 ) 


From equations (4) and (11), wc find, on simplification 
^ e . + 2 fl^) _ (2; , gl- - Q 2 ) _ 2ac 2 sin M - sin 2 bt 


dt~ P 

OL ( ad 2 a 3 
46 3 


(^ ~ ^jr) sin “ 2oCi cos ^ - x(~i~ + fl<?2 + "4 ) cos bt 


(IS) 


which gives on integration. 


JmD+ {Ei± t + 2 ifi S in bt 


P 

+ ^ C0 .2 bt* fCdi 


SlL f ad 2 a 3 \ 
12i 3 \ 4 4 7 


cos 3£/ 


2ac- 


ilL /3a s „ ad 2 \ / t'sinbt cos bt \ , 1AN 

am bt - T ( T + ac-+ + — *r~ ) ( 14 ) 

To determine the arbitrary constant D, we apply the initial conditions, t =0, 
y = R x in equation (14), on simplification, we get 


D - R, + (4a 2 4- 6P +2d 2 + 3 cd) 


(15) 


The orbit of the gas element will be given by the equations (11) and (14). 
The help of relations (7), (12) and (15) will also be required. 

Perhaps, it will not be out of place to mention if we put £=0 then the equa- 
tions reduces to that for unrestricted motion. 


Case II : 

We will now consider motion taking the resistance to vary as the fifth power 
of the velocity. The equations of motion are 


~ - 20 fj- fl 3 * « X 0 - Lv* cos * 

+ 20 ^ - 0 2 j = Y c - Lv* sin <p 


( 16 ) 
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Substituting T c - Lv 5 sin ^ + Q?y - 0 , in above equation, we have 
= -2 12 


d 2 j __ „ dx 


di 2 A 44 di 

which yields on integration, and applying initial conditions 

4? _ 


dt 


V c - 212 (a? - # 0 ) 


Using equations (16), and (17), and on simplification 

% + (2 «• Gp + 3 oF) * = (2 OF c + 4 fl2* 0 ) - L (-)* . d f ( 

We have 

dx 
dt 

where as before 


fds \ 4 

• f y *» a sin bt { a 2 sin 2 ^ + ($ -]- d cos bt) 2 ] 1 


(17) 

(18) 

(19) 


and 


On simplification 

( 


n _ (0% + 2 s 2 F c - 2r Gp x„) 

(2 itGp + 3 fi 2 ) 1 /* 

£ - ( 2 *©» +• 3a 2 ) 1 /* , 

e = (£e + 2fl*„) (2 y Gp - 3 ft») 

2 ir Gp + 3 n? ~ 

// = 2fl ( 0 % + 2qF 0 -2ir Gp *„) 
2 * G'p + 3 fi 2 


( 20 ) 


rf* /*\ 4 a 


dt ‘ {It) ~ T (5fll + 8c * + l2cW + di + 124V + 2 a 2 d 2 ) sin bt + 
: + ««/ (a 3 + 2c 2 + d 2 ) sin 2bt 

J6" ^ ai ^ 2< ^ c2 d 2 + 3 d i - 8aV -|- 2d i d T ) sin 3 bt 
acd 0 a 

+ y.(^ - a 2 ) sin 442 + — ( a 2 _ rfaja sin 5 bt (2 j j 
From equations (18), (20) and (21) . ” - ;; 

(f 2 # ^ T 

-rjp + Px = (2fl F 0 + 4(2%) - — (5 a %84+12eV + 4% 12aV-f 2^) sin bt 


-Lacd{P±2 ! e »+^ ) «ft24*-^.(--^ + 2W + 3^ r 8«y + 2a*^) sin 3 42 

-~(d 2 -P) S i n 442 - ^ (a 2 - 4 2 ) 2 s i n 5 bt 
the solution of which is i ? j ^ 

* « Cl cos bt + C 2 sin bt 4 . 2aVc ± 4Q 3 *n 

. ,P 

: + ler (5^ + 8^ + 12«V + rf* + 2uV + 12aV) 2 cos bt 


( 22 ) 
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+ ~~ («M-2i*+<P) sin 2 bt + (-5a 4 +24cV 2 +3</ 4 - 8a 2 c 2 +2a 2 0 


1286 2 


sin 3 bt+ ^ (d* - a 2 ) sin 46f+ ^ (a 2 - d 2 ) 2 sin 5 bt 
where C L and C 2 can be determined from the initial conditions 


( 23 ) 


c i--pr 

^ La 

2 ~ 2406 2 


{50a 4 + 120c 4 - 3 15a 3 a? 2 + 35rf 4 - 35a 2 rf 2 
+ 135aV + 128a 2 cd + 320c 3 d +. 19 2cd*} 


(24) 


From equations (17) and (23', on simplification, we have 


fy (Vc + 2fi * 0 ) 2v Gp ~fl 2 ) 0nri 
dl b 2 ■ 


2 sin bt 


2fl p- O 2 + 2c'-’ -r d-) sin 2 bt - 5a 4 -f 24 c 2 d 2 + 3 d 4 -8a 2 c 2 + 2a V 2 ) sin 3 bt 


36 2 


64 6 3 

tlLacd , jn <j\ t , . & L& / 

J5jii _ a “) sm 4^ - - Q2^ ) sin 


QLa 


- 2QC 1 cos bt - -gy (5a 4 + 8c 4 + 12c 2 a 2 -{-d 4 -f 2a-d- + 12a 2 c 2 ) t cos bt (25) 


which on integration gives 


^ D 4- ( F c + 2i2* 0 ) (2 tt Gp - q 2 ) 2HC. 

T " " t + : — 


b* 


cos bt 


+ fl2 + 2 ‘ 3 + ^ 2 ) C0S 2bl 3La "‘ 


+ 2a 2 d 2 ) cos 3 bt + (d 3 ~ a 2 ) cos 4 bt + 1^1 


1926* ^ 5fll + 24c2 d 2 + 3c? 4 - 8a 2 c 2 

5c v _. „ . 

960 6 s cos ® bt 


- '—I sin bt - P ^f (5a 4 + 8c 4 + 12c 2 d 2 d d 4 + 2a 2 d 2 + 12aV) 


' t sin bt " ' cos 6* 


+ 


6 2 


-j: 


(26) 


where^D will be given, using initial conditions, in above . equation, on simplifies- 

D = R l + (64a 4 + 120c 4 + 24 0 c 2 c? 2 + 24d 4 - 3a 2 d 2 + 160 aV + 45a 3 cd 

+ 120 c z d + 75 cd 3 ) (27) 

reiad^'l5f(2l *L 8 (27) leme °‘ ^ SiV “ bV <23) an<1 (26) “ d ,he 

It may be seen, ifZ, = O i.e., if effect due to resistance be neglected; we' get 
the equations when resistance is not considered. 5 get 
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It will be noted the above investigation is valid if we assume the resistance 
to vary as the n th power of the velocity, where n is an odd integer. We have 
discussed the case for n =• 3 and 5. Higher values of n will only involve laborious 
steps. We are at present reluctant to digress into detailed mathematical analysis 
unless substantiated by physical evidences, as well. 


Gass III : 

We will now determine motion taking a different type of force law. We will 
assume the resistance to vary as vP cost ?~ l where p is a positive integer and 
where <l> is the angle which the tangent makes with the ar-axis. The equations of 
motion are thus 


°J7i~ - 0 2 * = X e - LvP cos P' 1 <l>. cos <j> 


dt‘ 

djy 

df 2 


+ 20 


dx_ 

dt 


Substituting T c - LvP cos P’ 1 <!>. Sin o 
d-y dx 

w ’ - 2a s 


- n 2 y = T c - LvP cos P- 1 sin ^ 

{tfy =s 0 in above equation 


(28) 


which gives on integration, and applying initial condition 
d j t “ Vo - 2ft (* ~ *o) 


(29) 


Using equations (28j and (29), and simplifying 

~ + ( 2 n Gp + 3 0°-) * - (20 v c +4o%) - L J 

We have 

where, a* before 

„ _ + 20 v c - 2r Gp x B ) 1 

(2n Gp + 3o a ) 1 / 2 

b = (2ir Gp + 3 tf) l P 

From equatious (30), (31) and (32), we have 
d 2 x 

d p + Px = (2nv c + 40%) - LaP sinP bt 

(i) When p is an even positive integer : 

In case p has an even positive values, equation (33) can be written as 

~dF + b * x = V ° + 4 n ^o) - ypfi { Cos P bt ' 

- p cos {p-2) bt + . cos (p- 4) bt-... + J(-l)P/ a PC pb l 

the solution of which is 

#* C, cos bt 4- C„ sin ht i 20fV++0% LaP 

^ P 2Fi (-l)y/iT 


\ — t 


d JL 

dl 


= a sin bt 


(30) 

(31) 

(32) 


(33) 


(34) 
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[ * 2 {i -7T ' cos pbi ~ PW-(p-2fT 4 cos {p ~ 2) bt 
, M-i) i 

+ 1*2 ' £ 2 {1 - (/, _ 4)2~ • 003 (P ~ 4 ) bt 

P (P ~ 1) (P ~ 2) 1 . ... 

1*2*3 * >{1 -(/>- 6) 2 } * cos (P - 6 ) ^ + 

+ i(-l)*' 2 -^-] (35) 

where the arbitrary constants C L and C 2 can be evaluated, from the initial condi- 
tions, as 


°i- b 2 + b 2. 2P .t ( ti )2 m [ {1 _^ } “ { q£gft+ • { -yi( 

^w 23 • {H^r + + : * h)^ p ^ /3 ] 


p i ^-i) i 

(l-(^- 2 ) 2 }^ 1-2 ’ { 1 — (jb- 4 ) 2 } 


C 9 ■= 0 


From equation ( 29 ) and ( 35 ), on simplification, we find 
dy_ (V c ± 2gx 0 ) (2rrGp - fl 2 ) 

^ ^2 0 ^ — 2 i 2 ( 7 ^ sin bt 

2a LaP T 1 0 

+ 2 P - 1 (-l)P / 2 [>WJ ' C ° S pb ‘ ~ b‘ J {[- {p- 2 )' 1 ) ‘ COS ^~ 2 ) W 

+ *£fcIL 1 cos A f K-L)(^- 2 ) 1 

+ i.2 ■ i 2 {i-(/-4) 2 j • cos {p ^> bt n^r- • !5 {1 _ (/ ,_ 6)3} . 

cos (p- 6 )bt + + K-l )^- 2 ] ) 

which gives on integration . 

, f n I "t* 20 # 0 ) (2»r Gp o 8 ) 2l2 Cj . t 

j> — u •+- p t - — --'sin bt 

* 2ac 1 Ut t 2a LaP r 1 . . 

+ b c s bt + 2p . 1( _ 1)y/2 . Sln p bt 

iL aj-n /*_o\ a# | XA ”0 . 1 

«. (1-0-2)“). (f-2}» • ,m w Al “+ TT K(HM5^(M)J • 

.in <M> « - • lin 0-6X + 

Pc —i 

4- K-l)^ 2 1 

43 J ( 38 ) 

Applying the initial conditions, t = 0 ,j> — R,, in equation ( 38 ), we find 

D — R\ ( 39 ) 
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The orbit of the gas element will be given by eauations /va\ 

the relations (B2), (36) and (39). • ' equations (30) iin d (38), and 

If I = 0 we get the equations when effect due to resistance is neglected. 

(it) when/ is an odd positive integer : . 

When / is positive, and an odd number, equation (33) can be written as 
d 2 x 


Jp + b ' x - (2-Q v c + 4n\) - 
,p(p-l) 


2 P 


LaP r 
-i ( _l)(Tr^-|_ 


sin pbt-p sin ( p-2)bt 


■ + . J;2 ' Sln (/l ' 4 ) bt + + H) (p ' 1)l2 p C(p. l)/u sin bt 

The solution of which is 

* * cos bt + C„ sin bt + 

'•■■■■ 2 r ^ 


] 


(40) 


- f i . 

*r,H> ®-rbrc?5 jqr^w.- «“*>* 

+ ‘‘tr ■ Ji/otj® • ™ G»-4)« - ’ I 

sm (/-6) bt -f- + (p .i )/2 p cos 6t ”J 

where Cj and C 2) in above equation ar • * * (~ 2 *) J ^ 

determined, from * thc VaIue ofwhic h i- 


Cj = - 


~¥ 


C _ __ TflJi T ^ 

6\2^R7(FT)7T[_ {T ^ • ^3^- . (/— 2 ) 

+ )&-*),* P C(p _ m 1 

From Rations (29) and (41 ), W e find qn simplification 


(42) 


— fc + 2a *p) f24rV?fl - 

* A? - 2 flCj cos 6/ - 2 fiC a sin 


■ + 


2Q£ ay 

2P- 1 (-l)lFip 


1 


b 2 


• sin / bt - — A 


i /(A-l) 1- - . - 

~i‘2~ ' {RMyp* - sin (A-4) bt - 

. > ■* 1*2*3 


{l-(/^jj2 • sin (p-2)bt 


1 


(HF6)3pS~ • * in (P-6) bt + 

•••+ (-1) ( P- ] )l 2 p C(p t cos bt 


-l)/2 


(-2*1 


■] 


(43) 
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which gives on integration. 

y-DJr ( F «+?Q*p) Gp -&) t _ 2 qCi sin bt + 2QC^ cos ^ 

0 * DO 

2 Q,LaP r 1 kt p 

“ b\2P-' (-1) (p-w L 0-fbpb ' cos THfWHfWb * 


cos (p 2) bt + P ' P V2 • cos (/>-4) bt -^T^~ 5 

• { 1^6)i ' (/-6) I ‘ C0S + + (-l) (j5 - 1)/2 ***-«& 

(bt sin + cos \“| 

V =§* yj 

The value of D, after some simplification, is 

r> ~ , 2fi£ a P fj_ J_ 

1_r 43.2P-1 (_l)(p-3)/2[_ ^ ~ p-2 


(44) 


, K/-D *0-1) (A- 2) 

‘ r l’2-fj&-4) " l-2-3.(/>-6) 


(45) 


The orbit of the gas element will be given by equations (41) and (44) and the 
relations (32), (42) and (45). 

As before, if L=0, we get the equations when resistance is not considered. 

Perhaps, it will not be out of place to mention, if instead we consider, as 
uniformly rotating, homogeneous elliptic cylinder model for the barred galaxy, 
then the investigations will also be valid for all the resistance laws, and the 
equations will be tractable. Only the value of the constants will be suitably 
modified. 
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of Cellulosic organic matter and Goal 
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Abstract 


[Received on Slat May, 1969] 


Influence of different energy materials (1*0% carbon) viz., Wheat straw, Banz 
leaves and Goal in combination with phosphates (0‘5% P 2 O s ) like Trichinopoly 
and Bihar rock phosphates and German and Tata Basic slags were studied with 
Srinagar (Garhwal) soil of U. P. 


Energy materials when added to soil are slowly oxidised and considerable 
increase in total . nitrogen content of the system takes place. The efficiency of 
nitrogen fixation is always nearly double in light than in the dark, suggesting that 
l^ht energy absorbed by the system is also utilized in accomplishing the endo- 
therma] reaction of ammonia formation. There is an appreciable increase in the 
availability of phosphate when energy materials are allowed to undergo slow oxida- 
tion on the soil surface. The increase in available phosphate is enhanced 
considerably when phosphates are added. It is found that the amount of carbon 

following a order ** ^ 1DCrease ln mtro ff en fixed with energy materials are in the 


Wheat straw > Banz leaves > Coal. 


It is further observed that the oxidation of carbon and 
is greater with basic slags than with the rock phosphates. 

They are in the following order : 


fixation of nitrogen 


G. B. S. > T. B. S. > T. R. P. > B. R. p. 


iiuruunciIOn 


is it 3 eff h a°StdTonstkuent of sdlleSty ' “ Cd fings^ha transformations . 

of Wheat crop when its residues were mhed w Ki as , re P 0 1 f ted a be «er growth 
in comparison with when onlv rrnrt i ^ Phosphates and ploughed, 

and rock phosphate increased yields more than donhW P ^ ph ° Sph - atC ’ baslC slags 
phated plot were obtained. 7 M a “y w S lb £ 1 ”V co “P a ™on to unphos 
increased the availability of »oil . found that organic matter 

added to the soil as fertilizer. DhaAnd^nWh u f rock P hos P hate which was 
sugar is added to soils and exposed to^ht ^ 3 - 1 haVe 8h °) vn that when cane 

nitrogen content. Bjalfve 7 in^Swt den has al of* 5 ls , ai ^ appreciable increase in the 
soil or sand, fixes atmospheric nitrogen and aTsf straw > when mixed with 

mtrogen fixation by the slow oxidation of siaw in^d ht markedl y incr <' aseS the 



^Experimental 

Experiments were carried out with soil collected from a cultivated farm of 
Srinagar, Garhwal, TJ. P. 200 gms. of soil, after passing through a 70 mesh sieve, 
were taken in clean enamelled dishes. To this, required amount of phosphates — 
Tata and German basic slags and Trichinopoly and Bihar rock phosphates each 
equivalent to 0*5% phosphoric acid were added. Carbonaceous materials — Wheat 
straw, Banz leaves and Bituminous coal each equivalent to 1*0 carbon were 
added and the contents were thoroughly mixed. Two similar sets were arranged 
side by side, one of which was exposed to light under a 500 Watt bulb and other 
was covered with a thick black cloth to cut off light. In all the dishes, the 
moisture content was maintained at 30% level throughout the experiment. The 
contents of the dishes were stirred with a glass rod from time to time to facilitate 
the oxidation of energy materials. The light exposure was limited to an average of 
8 hours a day. 


Analysis of Soil and Energy materials used 


Estimation 

Soil% 

Wheat straw% 

Banz leaves% 

Coal% 

Loss on ignition 

8-5728 

88-6072 

90-2432 

87-2432 

Ash 


10-2500 

7-5898 

12-2026 

HG1 insoluble 

79-1052 

4*8824 

3-2562 

6-4030 

F e a O a 

3*0243 

0*8255 

1-3421 

0-8580 

CaO 

0-6024 

0-7850 

0-7210 

1-2020 

MgO 

0-3607 

0-4033 

0-1866 

1-2018 

Total P 2 O g 

0-0842 

0-6248 

0-6892 

0-3110 

Available P,,0 5 

0-02156 




k 2 o 

1-23-10 

0-8202 

1-4124 

0-8881 

Total Carbon 

0-4406 

38-4856 

38-0240 

62-0020 

Total Nitrogen 

0 04016 

0-63116 

2-0922 

1 -5820 

nh 3 -n 

0-0025 




no 3 -n 

0-0028 




C/N ratio 

10-97 

60-9 

18-2 

39-2 


Analysis of Phosphates 


Basic slags Rock phosphates 


Estimation 

German basic 
slag% 

Tata basic 
slag% 

Trichinopoly 
rock phos- 
phate 0 /^ 

Bihar rock 
phosphate 
% 

sio 2 

11-5820 

16-3420 

14-2140 

15-5210 

Fe 2 O a 

13-9846 

12 9298 

4-4380 

3-9400 

CaO 

42-7850 

37-9684 

20-8000 

13-7980 

MgO 

5-2346 

4-9736 

1-0278 

0-4780 

MnO 

5-9736 

2-9076 



k 2 o 

Traces 

0-6481 

0-7040 

0-6012 

Total P 2 0 5 

17-4600 

7-1402 

29-6000 

30-0000 

Available P 2 O g 

9-9400 

4-0436 

1-4500 

1-3021 
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ThefoLlowing indicates the balance o/JVit) 
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Discussion 

The results recorded in the foregoing tables reveal that carbonaceous 
materials like Wheat straw, Banz leaves and coal when added to the soil, are slowly 
oxidised in contact with air and there is an increase in the total nitrogen content 
of the system. This is possible if the energy released during the process of carbon 
oxidation is actually utilized in fixing atmospheric nitrogen. It is observed that 
when the system is illuminated, the rate of oxidation of carbonaceous compounds 
and the increase of nitrogen fixation are markedly enhanced, showing thereby an 
appreciable influence of light on the phenomenon of nitrogen fixation. Moreover, 
the efficiency of nitrogen fixation is always in a ratio of approximately 2:1 in light/ 
dark, showing that the light energy absorbed by the system is also utilized in this 
mcch&nism accomplishing the endothermal reaction of ammonia formation. 

The remarkable influence of light intensity and phosphate on nitrogen fixation 
is explained on following consideration. 

Many workers 8 * 9 have conclusively proved that in soil the process of 
nitrogen fixation is always retarded by ammonification and nitrification. Thus, 
on the one hand, the nitrogen fixed on the surface of the soil undergoes various 
changes aided by sun light absorption to form amino acids and proteins, synthe- 
sized in the soil, undergo ammonification and nitrification which are aho 
accelerated by light absorption and form nitrite and nitrate as outlined below : 

+o 2 nh 3 o 2 +o 2 

Proteins Amino acids NH 4 , compounds — > N0 2 NO s 

In these series of reactions the unstable substance ammonium nitrite is 
formed which undergoes decomposition liberating energy, nitrogen gas and water 
as in the following equation : 

NH 4 N0 2 = N 2 + 2H 2 0 + 718 K. Cals. 

When phosphates were added either in the form of of basic slags or rock 
phosphates to the system, nitrogen increases in the system and in the presence of 
phosphates, more or less stable phosphoproteins are formed. These compounds 
seem to resist the process of ammonification and nitrification and hence conserve 
proteins and other nitrogenous compounds and thereby the nitrogen status oi the 
soil increases. 

Further, it is well known that the decomposition of ammonium nitrite an 
unstable intermediate product is accelerated in presence of acids. When energy 
materials undergo slow oxidation, some organic acids are produced in the system, 
there is greater nitrogen loss. But when calcium phosphates are introduced in 
the system, they act as buffers due to the fact that the second and third dissociation 
constants of phosphoric acid are small and thus the concentration of H ion in the 
system cannot increase much. Hence the rate of ammonification and subsequent 
nitrogen loss is retarded and the efficiency of nitrogen fixation is greater with 
phosphates as compared to that in their absence. 

It has been observed that the oxidation of carbon as well as the efficiency of 
nitrogen fixation as also the amount of nitrogen fixed are greater with basic slags 
than with rock phosphate from all the energy materials. They are in the following 
decending order : 

G. B. S. > T. B. S. > T. R. P. > B. R, P. 

The basic slags are more alkaline and the alkalinity favours oxidation. 
Moreover, Mn, V, Fe present in traces in basic slags are helpful in oxidation. 


C 37 ] 



The other important observation of great practical value is the appreciate 
increase in the availability of phosphate when organic materials are allowed to 
undergo slow oxidation on soil surface. The increase of available phosphate in 
the soil is enhanced considerably when phosphates are incorporated with organic 
matter. 

Slow oxidation of organic matter produces carbonic acid, which plays a 
significant role in soils. It is well known that carbonic acid is much weaker than 
phosphoric acid. The dissociation constant of carbonic acid is smaller than that 
of phosphoric acid, calcium carbonate is more alkaline in i'.s properties than 
calcium phosphate. Secondly, because the second and third dissociation constants 
of phosphoric add are small, whenever H+ ions are available in soil solution 
alongwith phosphate ions : HP0 4 and H 2 P0 4 ions are readily' iormed. Thus 
H+ion concentration of the sytems decreases and tricalcium phosphate 
like calcium carbonate, can act as excellent buffer. Hence, phosphate’ 
also helps in decreasing the lime requirement of soils. Therefore land 
fertility depends a good deal on- its calcium phosphate status, because 
lands rich in calcium phosphate can fix atmospheric nitrogen by slow 
oxidation of added organic matter. The organic matter which is naturallv 
produced undergo decomposition leading to humus formation and can maintain 
buffering action of soil and check the leaching of lime. This is in agreeing { with 
the important observations of Arrhenius 10 , showing that soil near human habita- 
tions, past and present m different parts of Sweden and Java are rich in phosphate 
and are fertile. It is desirable to increase the calcium phosphate reserves of 

;t p b h y aS mg Cheap ph0Sphating materia]s > ]ike basic (Thomas) slags and rock 

• .1 ** * S “tejesting ,0 note that the total nitrogen in the soils has been found 
m these experiments to be much greater in light than in the dark. These observa 

.““2 P0r,4 ' ,h ' Ory ° f a, .poured by Dk.r and co-wSm 

... Pr ° m ‘bese investigations, we have concluded that the nitrogen status of our 

ci,pi,ai c “ be 
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Abstract 

In this paper, we shall derive some boundedness properties of differential 
systems in the complex domain by utilizing the comparison principle with 4:he 
help of integral inequalities in the real domain. 

1* Introduction 

The objective of this paper is to utilize the comparison principle to determine 
certain boundedness properties of complex differential systems. The comparison 
principle has been successfully used by many authors to discuss properties of 
ordinary differential systems. Our results are presented in a unified way which 
includes as a special case the recent paper of K. M. Das[2j in which he considers a 
second order complex differential equation and compares the growth of the moduli 
of the solutions of that equation in terms of real valued continuous functions. 

2. Preliminaries 

We shall consider a complex differential system of the form 

=Fi(yi,j> 2 > • • • , y n , 0) = h, * *= l, 2, . . n (2-1) 

where the Ffs are complex valued functions of the complex variables yfs and z , 
which are regular analytic in z for i*i < R . We shall assume that there exist 
functions wfui, u 2 , . . . , u n , x ) which are continuous, non-decreasing in and 
bounded in the region 0 < # < y for y < It! and it* > 0. Let mi(x) represent the 
maximum solution of the differential system 

Ui' = Wi(u u ttj, . . . , u n> *), «i(0) - ai. (2*2) 

It has been shown by Kamke, [31, that under the above assumptions the maximum 
and minimum solutions of the differential system exist. During the development 
of the objectives of this paper we shall utilize the following lemma, the proof of 
which can be found in[4]. 

Lemma : Let the functions Wi{u x , u< 2 , . . . , u n , x) ^ 0, be continuous, bounded and 
non- decreasing in in the region 0 < x < co, | m [ <co . Also the functions 
ui(x) are continuous in the region 0 < x < cc and satisfy the following inequality : 
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/ as 

Uli * • • i dSy #%( 0 ) 
o 

Then, «♦(*) < 0 < * < 03 

where mi(#} is the maximal solution of the differential system (2*2). 


3. Main results 

Relative to the objectives of this paper we state and proof the following 
theorems. 

Theorem 1 : Let 

(i) the functions Wi(u l9 u 2 , . . . , %, x) be continuous, non- decreasing in U{ 
and bounded in the region 0 ^ x < 7 for 7 ^ R and u i > 0. 

(if) the functions F* of the complex differential system (2‘1) satisfy the 
following condition : 

I Fi(j> l. J 2 > • • • » J>n, z) I < «>*' I y\ \ > bs |> • • • . I Jn i J I z | ) for all yi 
and \z \ < R. 

Then, 

biizi | < »»,•(#) 

whenever, | | 0), i s 1, 2, . . , , 

Proof : Let be the non-zero solution of the complex differential system (2*1). 

, Let z = xe%Ji(x, 6) « and u{ = |. Then , 


and thus 


'Ji (*, 0) 

_ 


?* 

dz 


i ?5>* (*, 0) 1 



1 ?* 1 



7 

= 

1 • 


However, we know, [1], that 

Hence, 


^ w i Cl A I* I A i> • • • > \ jn ]> #)» 


f Uj 

fX j 


?# 


S «ai • • • > ttn, *). 

integrating the above inequality from 0 to *, we obtain 

“>•(*> - “i(°) < r *. 

«{(*) 'C, «i(0) + f Wi(u ! w « 2) . . . , U n , ,) * 

J o 


tha t is 
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rx 

< H + j Wi[u l9 u 2 , ... > u n , s) ds. 
J o 


Applying the lemma which we have introduced we obtain 


that is, 


u^(x) ^ m^(x ) , t — 1 ) 2 , • , • 9 ti 9 

\yi{z) I < i = 1, 2, . . . , n. 


This completes the proof of the theorem. In the following theorems we assume 
that the solutions oi the complex differential system (2*1) exist for | z | <<=0 • 

Theorem 2 : Suppose that the assumptions of Theorem 1 hold. Let the maximum 
solution mi(x) of (2*2 ) satisfy the following condition : 

limit mi{x) < co , / = 1 , 2, . . . , n. 
x •—> CO 

Then, any solution of (2*1) for which |j^{0) ) = ai is regular for \ z j < R* 

Theorem 3 : Suppose lhat the assumptions of Theorem 1 hold. Assume further 
that the maximum solution mi(x) — 0 (Li{x) } as x co , where Li(x) are continuous 
and positive functions in 0 ^ x < co . Then every solution ji(z) of the complex 
differential system (2*1) satisfies the following relation 

\j>i(x) | = 0 (Li(x) ), as x co and | Z | = x. 

The proof of the above theorems are direct consequences of Theorem 1 and are 
omitted. 


4. We now proceed to show that the results obtained in |2] are special cases of 
the above theorems. 

Consider the differential equation of the form 

^jjp- - J'Ui* z) (4-1) 

where F(j) ls z) is the entire function of^ which is regular analytic in z for j z | < R. 
Assume that 

\FUuZ) i < «>{ iJi |» I* I ) 


for all jj, [ z t < R where the majorant w(s, t) is continuous in t for 0 < / < R 
and is non-decreasing function of s for 0 ^ s < eo . 

Let «j(*) be a continuous function in (0, y), y R satisfying 

< = w^x), x). (4-2) 


Setting 



J- = F(j>» «) 


(4'1)' 


and 


«i' = “a 
«a' = w(u 1} x) 
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(4-2)' 



it follows from Theorem 1 that 


Ij'iU) I « «](*) 

and 

\y 2 {z) J *s u 2 (x) 

where {u u u 2 ) is a solution of the system (4-2)'. In particular, if 
\F(yi,z)\ < P(z)j>i n , n > 1 
where P(z) satisfies the following inequality 

then the solutions of (4*J) are bounded in the unit disr incrMh* * * 

tives. The system (4*2)' can be reduced to the form 8 h h lts deriva * 

«x' = u 2 


the solutions of which are given by the equations 

“l - 

“2 = J* #(1-*) (t } 0 > 0 
if It and /? satisfy the relations 

= a ^n-V 


ft = n n - e. 


about foe growth of the derivatives of P foe sofotion ** P a ^ dltlonal information 
being the solution of the differential svstefo • vl , Furthermor e ) u = (u u «„) 
obtained in [2], Finally, it is clear Zt fm we ^ obtam sharper bounds that those 
tial equations of foe form t ; m our results we can consider differen- 
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Abstract 

This paper is devoted to the study of two new Hypergeometric Functions of 
three variables Gq , G ^ which I came across in the course of a further study of two 
Functions G A , G R defined by R. 0. Pandey. 

1* Introduction 

Lauricella [5], in the year 1893, generalised AppelPs four functions of 
n variables. For n= 3, he conjectured the existence of ten hypergeometric 
functions of three variables in addition to F A , F £ , F c and F D defined by 
him. These ten functions F £ , F p , F Q , F R , F^ F ^ , F p , F R , F $ , F T were defined 
and their properties studied, by Saran[7]. 

Recently, while studying Saran’s functions, Pandey[6] defined two more 
functions of three variables namely G A , Gg. In the course of a further study of 
these two functions, I came across two more new hypergeometric functions of 
three variables defined as 

( 1 * 1 ) ai> a 3 P } Pi* 9 ^ ^ l Z ^ 

_ v («, p - m) (<y ly n ) (ft m + p) (ft, n) 

( 1 . m) ( 1 »«) i}>P) (y, n+p~ m) y ' 

and 

( 1 * 2 ) ~a 5 a ** a 9 ’ y 3 ^ * x >y> % ^ 

_ „ (fo «) (gftj) x m v n?p 

: ~ ^ ' (1> wi) (1> n) (1, p) (7, n+p - m) yz * 

where the series extend for positive integral values of m , n , p from zero to infinity, 

The series are uniformly convergent if | x | < 1, \.v | < 1, ] z ] < 1 . 

The functions reduce to F s for x = 0 and for y = 0 to G u and G 2 respectively. 
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2. Integral representations 

From the definition of G c , 


(2*i ) G c{\ > y a > P’ 13 ; 4 * y> 7 5 *’ y> Z ) 

*“ * + "- •+“ ; 7 - " «> 

using the integral (3) of [2 ; p. 230] 

rM co r p 


r(«)r(«)r(r 


(£>«) f 


i »» 


dudv 


y / ) " 

(1> «) (»(-l«-») 2 (1-n?) 

provided /fe(«) > 0, /?«(«,) > 0, Rety-a^) > 0 and u > 0, » >0, u+d ^ j. 

Nowif|* | <r, Jj»| <r, |^| < /, then 

* I ^ r 

®0 -#-#)“ (1 -■pz)I < 1 -< 

< 1 ifr-f< < 1. 

we to™'”' 0 "' ““ Ch “ 8e 0fO ' der of ■"”>■”»«»» > integration it justified 
i^’ 2 i G c(jT’ “a “* /in ti ; ~ . r> y ;x,j, * \ 

■ rwT^W^r/’ f ‘ 0 - . - . w) -A x 


X [a(l - u - o) a ( 1 - Vi) - #]-£ </« 
providedM.)^, < r, I , I <, |,, <(l 
Similarly, we can find I < > \Z | < t) 

(2 3 ] G d ^ - , *!, a, /? 2) /?s ; i- , y 3 V ; ^ 


= TYoTTr4f/ -y-o-«.a.2«-f 

H°) r(oj) r(y-o- a j 

«>0,o>0 

«+Kl 


IP' «“+<>.-> (1 ^-ft 

X 0-^’ [v(l-u-vy-x]~Pi dudv 





Pa, Psi y , y, y ; *>y, z 


1 ( n “ J* G *(P*> P» g > 1 - y * ” » - *> ~ <) 

n=o (1, fij (Y, n) 
using the integral [3] 

<?»(«, 15, 0'; X,J) = J^ +> #0 J («+l)tftf' (l~)‘ a (1 -**)-*' 

[ffc(/3+/?') < 1] 

we get 

G/> = y r( y- S |>- (u-t-l)?-*- 1 ( 1+- )-/3'XH^)-/3 ! . fet i n) x 

D 2irr\!(y-«) ntoj \ « / V ( 1 , s) ( 7 -a,«) * 

X tj(l+«)] n ^ 

changing the order of integration and summation which is justified for | J | < 1, 
we have 

< 2 ' 4 > - Trirlr-lf JT*’ <“+ 1)y '“ ( 1 + j)Al+«)-*‘ X 

X 2 F l( a l> @2 '> y ~ <* l ( l+«) y) du 

where Re(y) > Re( d) > 0. 

using integral [2 ; p. 232], in (2*1), we get 

G c ( I > °u a > P> Piy P > \ » y, y ; ; x >y, z ) 

m f r +i “ r +i * r(-j) x 

" r(« 1 ) r(A) ( 2,ri)‘ j m t 0 J .u J -,•» c ‘ [ m y> 1 J r(a) r(p) r(y+*+*; 


x & dt 

(1, 772) (l-a-^3 772). 


(2-5) = 


r(a) r( 


20 L_ f +i " f +< " ggj±£) r («+*) Mt±Ml± t)v 

* 1 ) T{/3) rCBJ* (2«)» J -i„ J r(y+*-H) 


x r(-j) r(-0 (-^) s (- 2 ) ( 2 F 1 (l-y-^-/ ) /3+f ; 1-a-i ; x) * dt 
Again using the integral for 2 Fj[ 1], we get 

r(y) . i r +i " r +i " r +i " r(«,+j) iw-*) nh± s ) (g+o 


1 r + l 00 r + t® Z' + l 4 

(2-6) l’(a) r( 0l ) rpj f(&j ( 2 W?J .<. J-i» J- ia 


r(v+*+0 


x r(l-a-0 r(l-y-r-t+r>r(^+t+r) , , r . , 3 , w d d d 
x r(/8+<)r( i_ r _^ )r(1 _^ +r) l JO *’*<«• 


Similarly, we can show that 


(* ~ a i> a 9'fti> p2> @3 J Y* Y J a;, £ 


[ 45 ] 



(2*8) 


_ _ _TW L_ f +im r +ia r K+ J ) r(ff a +x) rr« 1+rt 

x r(-i) r<-() (-;)* (-«)< ^ : u«-< ; ,) rff ^ • 

= r(r) 

T(«) r(« 4 ) m) r(ft) r(ft) ' 

pi. pi. r( .,+i) n.+i) ria+j) r( fls+<) 

(2ir») J. ia) J _ in J. 1<# r(y-Pf-M) * 


" ?>oo %/ * ^00 

v r(l-g-f) r( p,+f) r(l-y-j-/+r) _ 

r(i-y-i-<) r(i-a_i +r ) r (- , ‘) r(-j) r(-<) (-*)»■ (->.)« (-*)*. dr ds dt, 

3. Transformations and Reducible cases 

We can easily write 


? c(^’ a i> 0 ’ A ft>0; j,y, Vix,j t A 


f ( tt » -”) (8 » «) 


=o ira (rr-*r * m ^ ~ ^ « 0+». a ; v - « ; y , $ 

and using the transformation [2 ; p. 241] 

Fs{a ’ A ^ ° +a '’ *»J>) = (1 -jO*' P/a, p t p. a + a '. J* \ 

We Pet thfi trilncfA.mnii^- ^ ' 


We get the transformation 
(3*1) G 


= (1-*) ^ G V 1 


(« ,n,) *>0,01,0} “>r, y, x,y,z^j 


A. 18; 


’<*+«! ’ a +“i» «+«i } X,y, JL 

C, »*"“*« ‘ n ,h ' !i " iU ' « - *-» <»*»*. for ,„o tac «: 

(32) C °(t’ •" fu fc ft; 5 ,r, v; *,y, i'j 

“ " ^ G ‘ (• ' “• *■ ft - '» ft i ,-ir . ~H, , 


*** ta ° »f 0 o and the known month, [2 . 




h) 


P- 239] 


we get 
(3-3) 


F s( a > « , 0, 0\;y ;x,x) = ^(o, « + £'; y . ^ 

G ° (t * ®i» °> ft> A> 03 }-p , V, 7 J x, y, z j 
= C 1 - «) G,/ fio.4- « l) ! _■ a _„ i; ^ _£ J 
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I shall now use the integral (2*4) to find the various transformations. 
On making the following substitutions 

(£) a = - *+(l - x) v 


C H) ti = 


\-Z-VZ 


in the integral (2*4), we are immediately led to the following transformations 
(3*4) G d a l5 a, p lt yS 3 , ^3 j “■ , y, y; *>y,z^ 

= (l-*) 7 - 1 (iH«r A (4> «« «» ft, ft, 4 , r.rjf* , ( i-*)j i 

(3-5)= (l -xzf Ps (i-^)- a+1 (-1, a i> °> 7 -ft~*> ft> ft; 4 y,y;^ } (i -z)y, ~ 


4. Expansions 

We know 


a i> a > P> Pi) P » y 9 y* y 9 %>y > z^j 


= * ^riVfv 1 ft (ft* “~ m > ft. .s+ m ; y~ m ;j>> *) 

m=o ( 1 , m) (y, m) 


using the result [I]. 


vve get 

(4 - l) ; 


_ ” (-1)”* («» (JkE) x m v 

ft(^i, a 2 > t>i> ft , > »•" m ^. 0 (l, m ) (e,m) (c-a. 2 ,m) 

X 2 ft («!+»«, ft+*» J c-n 2 +w ; *) 2 ft( a 2 +»*> b 2 ; c+m ;y) 

C c * a ia &f Pi* p> y 9 y> y 1 x 9 y> zj 


= 2 ( ~1! 4 — 2 ft( a i+r 3 fo+r ; y-a-fcr ;.y) x 

r=o (1, r) (7, r) (y-a, r) 

• X Gi(ft “+r, l-y-r;«,^ 

Similarly, we can prove 

(4‘2) Gfl {“o’ 01 ’ ft’ ^ ^ 8 ’ y * y,y ‘ > X>y>Z ) 

= 1 - ~Vr ( rWv ^rr ^r^ yr - * F ^+ r > ft+ r 1 Y - a + r > y) * 

r=o (1, r) (y, r) [y-a, r) 

X C 2 (ft, ft, 1-y-r ^ *c) 
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5. System of partial differential equations 

P 0 P 

On setting 0 = x—, <p = .? — a nd f => Z — 

it can be readily seen that G c satisfies the differential equations 

' [ 0(a+ <1> - d)~ x (/?+0-H) (y+0 + (5 - 9 - 1) ] G c sa 0, 

(5-1) I [ t(y+H4> - d - l) -y Mt) fa .+*) ] G c = o, 

[ ~ ^ - i) -■c ( a +^ ~ d) (^+0-f-^)]G^p = Oj 

and that the equations associated with G ^ are 

[,.«(«+# - 0)-* (ft4 0) (y+^-Hifr - 0) ] Gyj = 0, 

(5-2) . [ *(7+*+* - 0 - 1 )-y (&+</>) ( Ol +0)] G d 0, 

[ ^(7+^>+^ - 0 - 1 ) - * (ftrH) («i+* - 0) ](?£, = 0. 
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' ¥ ~ ** _ y II* I 

Absorbance curves of the* complexes : A series of mixtures containing niobium 
fAlr tantalum solution and ARS in different proportions (0:1, 2:1, 1 : 1, 1 : 2 
land 1 : 3) were prepared and their absorbances were measured spectrophoto- 
metrically. It was found that the region qf maximum absorbance in case of niobium 
is 470 mp at pH 4*0 while in case of tantMtim it is 460 ml* at pH 5 0. Most of 
the studies described were carried out at 470 and 490 ml* in both the cases. 


Effect of time and heating . The complex formation was not found to be 
instantaneous, and full colour intensity develops after keeping the solutions for 
* two hours. No change in absorbance was observed when the complex solu- 
tions were heated. 


Effect of pH : The effect of change in pH on the \ ma x of the Nb - ARS 
chelate and Ta - ARS chelate have been shown in Figs. 1 and 2. The \ m ax 
remains unchanged between pH 3*5 to 5*5 in case of niobium and 4*5 to 5*5 in 
case of tantalum. The variation in absorbance of the Nb - ARS chelate has been 
studied with change in pH at 470 mi* and the maximum colour intensity is found 
at pH 4*0 (Fig. omitted). 

Validity of Beer's law : At the wavelength 470 mu, Beer’s law is obeyed over 
the range 0*93 - 4*14 p.p.m. of niobium and 1*81 - 32*60 p.p.m. of tantalum. 

Sensitivity : The sensitivity of the reaction as defined by Sand ell 8 is 
0*81 y/cm 2 for niobium and 0 f *32 y/cm 2 for tantalum. 

Interference due to diverse ions : The effect of a number of diverse ions on the 
system was studied. The cations which interfere are : Ag(I), T1(I), Pb(Il), Hg(II), 
Bi(III), Cu(II), Gd(II), As(III), Sb(III), Fe(II, III), Al(lII), Cr(III), Mn(II), 
Zn(II), Ni(II), Co(II), Ba(ll), Sr(II), Ca(II), Mg(II), Be(II), Th(IV), Zr(IV), 
Ce(III, IV), W(VI), Mo(VI), U(VI), Ga(III), In(III), Ru(III) andRh(III). 

Procedure for the determination : .. For the determination of niobium and 
tantalum spectrophotometries lly, the solution should be free from other inter- 
fering ions. 5~fold molar excess qf ARS is introduced to the aliquot portion of 
the sample and the pH is adjusted to 4*0 and 5*0 respectively. The mixtures 
are kept for two hours for eqilibration and the absorbances are measured at 
470 m|i. The metal content is determined by comparing the absorbance value 
with a calibration curve prepared under identical conditions. 


Acknowledgement 

The authors are thankful to the Council of Scientific and Industrial 
Research, New Delhi for the financial assistance and for the award of a follow- 
ship to one of them (B. V. A.) 


References 

1. Elwell, W. T. and Wood, D. F. Analyt. Chim. Acta, 26, 1, 1962. 

2. Cockbill, M. H. Analyst , 87, 611, 1962. 

3. Luke, C. L. Analyt . Chem ., 31 , 904, 1959. 

4. Pilipenko, A. T. and Obolonchik, TJ. A. Ref \ £hur. Khim ., 10, 205, 1961; 
vide Analyt. Abs., 8, 4597, 1961. 

5. Shoeller, W. R. Analyst , 61, 206. 1936. 

6. Banerji, S . K. and Dey, A. K. analyt . Chem., 179 , 30, 1961. 

7. Seth, R. L. and Dey, A. K. J. Indian Chem . Soc., 39 , 724, 1962 : J. prakt. 
Chem., 20 , 225, 1963. 

8. Sandell, E. B. Colorimetric determination of traces of metals, Inter * 
science, New York, 1950. 


C 51 ] 



Pror. Nat. Acad. Sci., India, 40(A), I, 1070, 


Studies in the influence of Direct application of Organic 
matter and application of Compost obtained from the 
same materials on the yield of wheat crop and soil 
fertility with and without phosphate 

By 

N. R. DHAR, R. S. PANWAR & SOHAN LAL 
Sheila Dhar Institute of Soil Science, Allahabad University, Allahabad 
[Received on 31st May, 1969) 

Abstract 

Influence of direct application of organic materials (Wheat straw and Weed) 
and their compost with and without phosphates (Tata and Kulti basic slags) on 
the yield of Wheat crop (N. P. 7 i 0 ) and soil fertility were studied* It is found 
that the direct application of organic materials produces more yield of both grains 
and straw than the compost formed from the same organic matter on equivalent 
nitrogen basis. Wheat straw as an organic matter is found to be more useful. 
Oxidation of carbonaceous compounds of soil humus and those added by ploughing 
in of organic matter is greatly ficilitated by adding basic slag and thus helps the 
land to become more fertile and productive. It is found that direct ploughing 
of organic matter is certainly better than the addition of compost obtained from 
the same organic matter composted in pits, because in direct ploughing of organic 
matter, there is much more nitrogen fixation than in composting where even 
marked losses of nitrogen have been found. 


I!V At the symposium on the ‘Fertility of Indian soils’, Raychaudhuri 1 stated 
Essentially, however, the main cause of low fertility status of Indian soils is its 
tow contents of soil organic matter”. Dutta and Goswami J leported : “The 
importance of organic matter in soil and fertility is well recognised and the build- 
mg up and maintenance of organic matter in the soil are, therefore, re garded, 
amongst other things, primary objective of good soil management.” 

*, r *y i !; w of the vital role . of organic matter in maintaining soil fertility and its 
is to hn'iri clcnc T m oa . r sod3> one of the major problem of Indian agriculture 
exlr±fri.° rgamC matter , and t0 conserve it. There are evidences based on 
buil. m l find i n P a ?, uggest , that organic matter content of Indian soils can be 
S ^H a f kU r la “? ai3 Stated ^ at green matter at 5000 lbs. /acre on sandy loam 

een coment Cd Dhart'fi 1 't Y sta t us _ 0 f soils with regard to organic matter and nitro- 
to the field hefnr ” en /P* ia Sized that the direct application of plant materials 
mat^alsLcl e n'T P ? Stln ,?' 13 T rc bcneficial to crops because the energy 
oxidised and in this ^ ats etc * w ^en addsd to the soil, are partially 

more kimus i? formed A aa 9 ^ ‘° f 1 nUro g en of ‘ be air fixed. Hence, much 
mixed with soil instead of t0 ! h e soil when plant materials are directly 

Shivaraman 5 stated •«' A A^v the f r appllCat !j n after cotn P° 3t mg them elsewhere. 
»ay of fertility S» !“ h “ b “" TO,Mi<i ' r ‘ d *° »‘ thc 
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? Experimental 

In the light of the above facts, we have carried on comparative Pot experi- 
ments on the influence of different organic materials and basic slags directly 
applied to soil and applied after being composted with and without phosphates. 

For these experiments, the soil was collected from the University Farm. 
5 kgs lots of clean and powdered soil were taken in each Pot. To this organic 
materials viz< 9 Wheat straw and Weed (Powdered and sieved through 80 mesh) were 
added at the rate of 10 tons/acre. Phosphates were added to the mixture of 
soil + organic matter at the rate of 50 lbs. per acre in the form of Tata and Kulti 
basic slags. Composts from these organic materials were already prepared with 
0 5% P 2 Ob from basic slags and without phosphate. To weighed quantity of 5 kgs. 
of soil, different composts were added to makeup 100 lbs. N per acre. Fpur 
replications were carried out for each treatment. 

Soil + straw + phosphates were thoroughly mixed to make the mixture uni- 
form and thereafter the mixture was filled up in the earthern Pots. The pots 
were exposed to the sunlight and the contents were thoroughly stirred. One month 
time was given to allow the process of oxidation of organic matter to set in, after 
which the wheat crop (N. P. 710) was sown. In case of composts and soil, the 
mixture was thoroughly mixed in and filled up in the pots. 20 % water by weight, 
was added to keep the system moist. After 15 days of exposure and two stirrings* 
the crop was sown. 


Analysis of Soil and different Organic materials 


Estimation % 

Soil 

Wheat straw 

Weed 

Loss on Ignition 

4-2153 

91-1230 

90-1230 


Ash- 

8-7645 

9-5623 ' 

HC1 insoluble 

85 -6235 

5*1240 

5-8234 

Sesquioxide 

10 0529 

1-3460 

0-7790 

Fe 2 Q 3 

3*3212 

0-6130 

0*3850 

Total CaO 

0-9872 

0-7806 

0 7540 

Total MgO 

0-5254 

0*3482 

0*5545 

Total P 2 0 5 

0-0945 

0-5140 

0-5786 

Available P 2 0 5 

0-0156 



Total K 2 0 

0-9725 

0-6655 

0*7340 

Total carbon 

0-5720 

38-6245 

40-2456 

Total nitrogen 

0-0561 

0.6390 

0-6898 

NH S -N 

0-0052 



NO 3 -N 

0-0082 



C/N ratio • • 4 

10-19 

60-44 

58-34 


Analysis of Basic ( Thomas ) slag 


Estimation 

Tata basic slag 


Kulti basic slag 

sio 2 

16*3212 


16*5432 

Fe 2 Q 3 

12*8265' 


10-8000 

CaO 

37*9684 


37-2135 

MnO 

2-9076 


2-9978 

MgO 

4-9736 


4-4280 

k 2 o 

0-6481 


0-3364 

Total PoO« 

7-0230 


4-1680 

Available P 2 O b ( 2 % Citric acid) 4*1021 


20340 
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Analysis of different Composts prepared from different Organic materials with and 
without phosphates 


Wheat straw compost Weed composts 

Phosphated Unphosphated Phosphated Unphosphated 


T.B.S. 

K. B. S. 



T.B.S 

K. B. S. 

» % % 

- — > — - 

10-90 

11*60 

Total 

carbon 

24-00 

18-00 

15-00 

Total 

carbon 

24-80 

1*55 

1*51 

Total 

Nitrogen 

1*13 

1-58 

1*53 

Total 

Nitrogen 

1*15 

0-0832 

0-0782 

NH j-N 

0-0532 

0-0437 

0*0412 

nh 3 -n 

0-0452 

0-1600 

0-1466 

NOe-N 

0-1025 

01015 

0-0996 

NO s -N 

0*0988 

0-4014 

0-3625 

Available 0-2722 

*A 

0*3712 

0*3610 

Available 

PaOg 

0*2715 


TABLE 1 


Showing the yield of Wheat grains and Wheat straw j5 plants in grn. as influenced by 
Direct addition of Organic matter with and without phosphates 


Treatments 


Yield of Wheat grains 

Standard 
Error 


Average 


Soil alone 56-4 

Sorin' wheat straw , 153*2 

Soil-f VVheat straw+T.B.S. 173 ’2 
Soil Wheat straw-f K.JB.S. 162*5 
Soil 4 - Weed 140*0 

Soil ;+ Weed + T.B.S. . 166-6 
Soil ±K B.S. ( 160 0 


±1*8814 

.±1*1640 

±0*5049 

±1-4168 

±M149 

±2-3731 

±1 9141 


Yield of Wheat straw 
Average 


104-8 

274*2 

290-3 

278-0 

242-0 

273-7 

258*0 


±0*6422 

±0*7648 

±2-9127 

±1-2250 

+3*509 

±1-1874 

±1-9249 


# tabled"-' ,, - 1 

Showing the yield ' of Wheat grains and Wheat straw/ 5 plants in ems as influenced 
by dl $ tTenl com P°^, composted mith and without Phosphates fi d 


Tfreatments '.Yield of Wheat grains: 
Average Standard Error 


Soil alone 

Soft *4* Wheat straw 
Soil + Wheat straw 

+ ms. 

Soil +* Wheat straw 
+ KJLS. 

Soil + Weed 


Yield of What straw 
Average ~ ‘ ‘ 


54*6 

62*0 

±2*099 - 
±1-3285 

93*5 

119*3 

±1*1099 
± 1 '4370 

66*5 

+0*4123 

124*2 

±1-2509. 

62*6 

57*2 

64*0 

58*2 

±2-0999 
±0-6480 ’ 
±0-3900 
±0*6745 

122*6 

117*5 

120*3 

119*3 

±1-8909 
±M0000 
±0-8972 
±1 ,1489 
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TABLE 3 

(By direct application of Organic matter) 

Showing the amount of Nitrogen initially present , amount left in the soil after 
harvest , recovery of Nitrogen and the amount gained or lost in the Pots. 


Nitrogen Nitrogen Nitrogen Nitrogen Total Nitrogen 
Treatments initially left in recovered recovered recovery gained 
present at soil after ingrains in straw (gms.) or lost 
sowing harvest (gms.) (gms.) (gms.) 

time (gms.) (gms.) 


Soil alone 

2-8000 

1*1000 

0-85 

0-65 

1*50 

-0-2000 

Soil + Wheat straw 

3*0898 

2-3000 

2-10 

1*70 

3*80 

+3-0102 

Soil + Wheat straw + 
T.B.S. 

3-0898 

2-4000 

2-50 

1-80 

4-30 

+3-6102 

Soil + Wheat straw + 
K.B.S. 

3-0898 

2-1000 

2-40 

1-70 

4-10 

+3-1102 

Soil + Weed 

3-1128 

2-2000 

2-30 

1-50 

3-80 

+ 2*8872 

Soil + Weed + T. B. S. 

S-H28 

2-4000 

2-60 

1-70 

4-30 

+3-5872 

Soil + Weed + K. B. S. 

3*1128 

2-2000 

2-40 

1-60 

4-00 

+3*0872 


TABLE 4 

(Addition of organic matter after composting) 

Showing the amount oj Nitrogen initially present, amount left in the soil after 
harvest , recovery of Nitrogen and the amount gained or lost in the Pots . 


Treatments 


Nitrogen Nitrogen Nitrogen Nitrogen Total Nitrogen 
initially left in recovered recovered recovery gained 
present atsoil after in grains in straw (gms.) or lost 
sowing harvest (gms.) (gms.) (gms.) 

time (gms.) (gms.) 


Soil alone 

2-8000 

1-0000 

0-8200 

0-5800 

1-40 

-0-4000 

Soil + Wheat straw 

3-0260 

1 *0600 

0-9300 

0-7700 

1-70 

-0-2660 

Soil + Wheat straw 
+ T.B.S. 

3*0260 

1-2000 

0-9400 

0-7600 

1-70 

-0-1260 

Soil +Wheat straw 
+ K.B.S. 

3-0260 

I -1000 

0-9600 

0-7400 

1-70 

-0-2260 

Soil + Weed 

3-0260 

0-9400 

0*8600 

0*7400 

1-60 

-0*4860 

Soil + Weed + T.B.S. 

3-0260 

MOOO 

0*9600 

0-7400 

1-70 

-0*2260 

Soil + Weed + K.B.S.. 

3-0260 

1-1000 

0-8600 

0-7400 

1-60 

-0-326Q 
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Discussion .... 

From the foregoing results, it is evident that direct ploughing in of orga 
matter increases yield of both Wheat grain and straw than that from the comp 
prepared from the same organic matter. Moreover, when basic slags were inc 
porated with these organic materials or composts, the yield oi Wheat gram ' 
straw markedly increased over the unphosphated treatments. Basic slag bei 
alkaline due to its contents of GaO, K 2 0, MgO etc., the rate of oxidation 
cellulose and lignin in straw is hastened when it is mixed with Stray and plough 
in the soil. In this process of oxidation energy is liberated which is utilised 
fixing nitrogen on the soil surface and land fertility is increased. Oxidation 
carbonaceous compounds of organic matter, in compost and straw added 
greatly facilitated in the presence of basic slag. In this way not only ti 
total nitrogen of the system is increased by ploughing in basic slag and strai 
but, due to increased oxidation in the soil by adding basic slag, available nitr 
gen, phosphate, potash, lime, etc. making the land more fertile and productiy 
It is found that direct ploughing in of organic matter is certainly better tha 
addition of composts obtained from the same organic matter. Because inti 
direct ploughing in of the organic matter, there is much more nitrogen fixatio 
than in composting where even marked losses of nitrogen have been found and als 
reported by other soil scientists, and the recovery of added nitrogen in the form ; 
composts is not so efficient. That direct ploughing in of compost matter help 
fix atmospheric nitrogen. There is loss of nitrogen, when compost is applied 
after it is prepared from straw. 

Dhar 6 observed that a mixture of organic substances like straw, plant residue 
etc. and calcium phosphate when incorporated into soil, can build up the so! 
fertility permanently by fixing atmospheric nitrogen and making available nitrogen 
phosphate, potash, trace elements and humus, and thus maintain soil fertility 
Lady Balfour 7 reported in her experiments that the plots to which basic slag wa 
added to the straw contained the largest amount of nitrogen and produced th 
biggest crop ol barley. Bjalfve 8 has also observed marked nitrogen fixation more 
in light than that in the dark by incorporating straw in soils or sand and reporter 
that caldum phosphates largely increase this nitrogen fixation in the soil. 

From the results of these pot experiments, we have come to the conclusion 
that a large amount of nitrogen fixation and fertility improvement on a world wide 
scale are possible by ploughing in different organic materials directly to the soil 
in combination with phosphates. These results point out a practical way of 
binding up, the soil fertility on a permanent basis. 
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An inversion formula for Fox-H-Transform 
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Abstract 

Very recently Verma introduced Fox-H-Transform by means of the integral 
equation 

0(«) = J H(ux)f(x)dx, 
where H(x ) is the H-Function of Fox defined as 

II’ r Cm.s) II T(a n — tn* s ) 


II I (^4"%"%^) II T(a n — e n -{-e n .s) 
m=i n=si 



and 


Using the notation due to Gupta we write 


. II w,-#*) II r(i - 

L_r*“ fz! 


H m>n [ x i L_r H ' 

A* L l(W«) j~ 2wJ e . <# 


. i ? i r(i - */+//*) . fi r(«/ - ej.s) 


ds. 


In this paper we find an inversion formula for this transform. Since Fourier 
sine- ; cosine- ; Hankel- ; K - ; Y~ ; H- ; and Generalized Hankel-Transforms are 
particular cases of this transform, the inversion formula gives, on specializing the 
parameters, the corresponding inversion formulae of the said transforms. 

In addition to the inversion formula we give here a general relation involving 
this transform and deduce two results of Sharma therefrom. 


1. Introduction 

In a very recent paper Verma[8] has introduced Fox-H-Transform as 
(1-1) <M«) = J H(ux)f(x) dx 
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where 


(1*2; 


H(x) 


9 P , 

ii ii r(<% — x~ s 

1 /*# +t® m=i n=i 

J ^l-iao 9 v 

II 1 ( “I c m^ c m ) fl T(^ ~ 




is the H-Fu notion of Fox [4, p. 408(52)] 

Following Gupta [5, p. 98(4) ] we write (1*2) in the loim 

<«> H ?A’\\ a £u) 

, . Hr (bj-fj.s) ilTil-aj-tej'S)** 

l ph +i* jzzi ;=i v j ' 

= ~ " * 


. II .II r(av-ev.j) 

;=m+i j=n-fi * * ' 


and put (1*1) in the form 
(1'4) <p(u) = A « 


n 

c u X 

(<ip> ep) 

J o ' P,q 


(bq>fq) _ 


/(*) dx 


wherein (1*3; empty product is interpreted as unity ; p, q , m a , ld „ are . 

0 < » < A > < » < ! i V. 0- - 1, 2 . . . .. p ) ; /„ u . ,, 2 . “ les ” 

” r h n “ mb ™ “ d «* <•> - >■ 2 p) ; v w - 1, 2 , . . . , ?) ' ;« 

with any pole of r(l - WM. (■ - 1, 

(1-5) «#&+>') ^ (ai - a- - l)/ ft 

i, 1.8,...,) 

Th, contoar « fo» t.-io, *, + /« euch that the pdcJ of ■_ 

( 1, 2,. .. .nj)hc on the- Fight and the poles of r(l - a.-ps.-.j) (i - 1 9 

he on the left of the contour. Such a contour otist, ± accot« , 1^. ' " ’ 

According to Braaksma [2, p. 278] 


(W) 

H m > n \ * 

A ? L 

where 

J 

A 

o 



i 

(bfyfq) 


® ( I * I for large x 


m 


9 

2 

m+i ' 


»i 
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and 



(1*7) 

H m y n~ 
PA . 

* } J = O ( | * J "’ 2 ) for small x, 

where 

P 

2 e* 

i ' 

- 2 /,• < 0, and .r a = min R (-jr) {h = 1, 2, . . . , m) 
1 \j7bJ 


The object of this paper is to invert the integral (T4) and to obtain a 
solution which may serve as a key formula from which a number of inversion 
formulae for various transform pairs may be deduced as particular cases, by 
specializing the parameters involved. 

Conditions for validity of each transform-pair may, however, be decided 
individually. 

Besides the inversion formula we give here a general relation involving this 
transform and deduce two results of Sharma [7] therefrom. 

2. The main result 

Theorem 1. If (*) and x' h ~ l . $(x) belong to L( 0, co) where $(u) is given 

by (T4), then 

(2-1) 


H q-m, fi-n 
P> 9 


C U X 


( e n+i)> • * * > (1 —dp—ep 5 ep)> 
(1 e 1 ) > . . , (1 -a n —e ni e n ). 

(1 -bm-H-fm+u fm+i)> * * * 

(l-“^r/p/i)j • * • > (1 fm)* 


du 


provided 

(i) 0 ^ n ^ fi, 1 ^ m 


q, I ej - Ifj < 0, 

l * i # 


( ii ) / (at) is continuous at x = m > 0, s = &+/ 0 < ^ < co , 

(m) a + a* 2 +i > 0, + 1 < 0, where 


v f 0( | # |°) for small x, 

J W — | j x |6) f or large Xj 


and cr u cr 2 are defined as in (T6), (1*7), 

(iv) 1+o-j < k < 1 + <r 2J 

(») the H-Function and the integral in (2T) exist. 

To prove the theorems of the paper we make use of the following results : 

m n 

IIT [bj+Jj.s) llY{\-aj-ej.s) 

(2-2) f* H m ’ " f" V x ^ l* 8 - 1 dx - — r 

P,q ^ fl ’^ 9 ^ i 9 i T(i-btfj.s), 11 r(^+«/-0 

jssn+l 
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(2-3) f H m ' n I" 9 X | H a ’ f f /» X Irfx 

Jo A 1 L (W <L) J y, a L (As, rf$) J 


r (a u «j), . . . , (a„, «»), (l-As-</ s , </ 8 ), (<7 n+J> ( ; M+1 ) > 

= i H #+ m > “+« 1 > ( a p> «p). 

S+A i j f» (^>/i), • • • , (A», /m)» (1-Py-fy, c y ), 4 m +i, /»+,), 

— , * * * , 

;re - min j < i?(j) < £ -i~— J 


■^w< 


n p m 0 

P ~ 1 V ~ w +i + ? M S + /j > °» |arg (9) I < * /> , 


(2*4) + 

j with similar conditions on (i’j, e y \>j an d rf’ J} and 

min ^(jj-) + mmR^ b J^i >0} 

1 ^ j K a 

j~ l-maxi?( a i )j t j- 1 - max *(^H > } 


1 *Sj <, n 


1 <; < 0 


^ j fj 

The result (2-2) can be read off the definition 11-31 wl /o.«n • 
case of i result due to the author 16]. J and (23) is a particula 

Multiplying both sides of (1-41 bv «-« • * 

between 0 and co , we get with the help of (2‘2), ^ mte gratmg witl1 respect to i 


/“/(*)* 


'- 1 dx = 


j=m +1 1 {1 " Wi “ 1 )} /i ] T {a r e s {s-\ ) ) 


/2 r W^ 1 )) n r {i - a Hej(s _ ,) } J** 

withtS^ and interpretin, 

Particular Cases : s 

I. Putting k = jri , »«1, „»0=p, } _2, 

: + = l, /l = j =/ii wege( 

t f* 1,0 r« „ 

“ J, 0,2 L 2 | ( *+2'i).(i-5-,J)l/(,)* 

/>» J1 

^ j„ MiJy(ux)f( X ) dx . 


I $0 J 



and 


^ ~ y /2 Jo ^T~ H o’ 2 [t - | ( i + 2 * 4) ’ " k ’ i} ] du 
= J o («*)* Jv( UX )‘ “ <*« 

provided a+f+I?(v) >0, 6+1 < 0, 

J O) /.» 

^ <#>(“)• a "®' 1 du and J x a - l f(x)dx converge absolutely, /(#) is continuous 

at a: = a, a > 0, j = A+ii, 0 < i < eo, 1 < A < f+j?(v) 

This agrees with the inversion formulae of the Hankel- : Fourier sine-and 
Fourier cosine-Transforms [3, pp. 71-72]. 

II. Putting X = -^L , m = 2, n = 0,/ =1, q = 3, c = 

a i — _ 2 “ = = - g + i, 6 2 = J + 1 , 

|/ 

*3 = - ,r - J } /i = / 2 = /a = J, we get 


*i«) = J_ f H 2 > 0 Tiill C- 5 “ 4 , *) “I. 

* Jo 3 L 2 I (*_ 5, J), (* + |,|), H-|, 

= f (*«)* 1/v (*a)/(*) dx 

J 0 

and 

;u /2-Jo « 1, 3 L 2 (i+£, i), (§+£, £), (i-S.*) J 

= r (u *)1 tf„(a a) du 
Jo ** 

/ £» 

$(a). a’*’ 1 du 

and J j [x) x 8 ' 1 dx converge absolutely, f(x) is continuous 
at x — a, a > 0, s = k+it, 0 < t < co, and 1 < k < § ± R{ v )- 

Similarly we can show that if ^~L j s the H-Transform of f{x), then /(*) 

is the Y-Transform of * This agrees with the inversion formulae of Y-and 
H-Transform pairs. 

III. Putting X = 2 ^r> c = i = /i =/ 2 , n = 0= />,?=>» = 2, 

= i+£, *2 = i - 2 , we obtain 
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so that 


ir L zkf. H M°[-f! (i+5>4) ' 

-JK (ux) i K v (ux)f(x) dx 

fix) = J H o, 2 [-?' <*+& i} ’ ( 1 " *’ 4) ] du 

> ■. r*w r(1 )* r*\ I?) i... 

2 ,. J„ « J»-i* r(5-5-|)i’(i+5-SI 


1 f*-H« T(i) [jl J o u- 1 - 1 du 

2«i J k-i« -ffp p |)° l'(| - f “ j ) * 

a+f ± A(*0 > 0, J <j>(u). r 8 ' 1 du and 
J * 8 ml f{x) dx converge absolutely,/^) is continuous at 


ir^ 1 A* 

0 is 




provided 


a? = u > 0 , s = 0 < < co , fc < | rfc J?( 0 * 

This is Sharma’s result [7, p. 736(2*1 )J 

IV. Putting m = n == 0 ~ p, q ~ 2, e ** |,/ t - J, 


/* — d A Vlt A — ,(L 


we get 


#0 _ 1 f°° o i> 0 f ux /Vi 1 n f v l* , I* & \~1 f, v . 

U “ ,/2-Jo H 0, 2 L 2 { * +i > l} - \ 2 " ,,+ 4 ’ ar ) J‘ /(A) ^ 

= /J" (™v +i Jt(^)f(*)dx 

f +’- 3 f • -s)(*-u>> 


2+ ,-l(l + v) 


/* (1 + y) - v - | l//i [/ #V 4 \/*| <£(w) 


2 f , ^ ~ K - a */#* 

^ Jo ( “* J >±j--» 

which agrees with the resuit given by Agrawal [ 1 , p, 69], 

3. Theorem 2 : If 

(*) a+02+1 > 0, b+a-^+l < 0, 

(it) a'+<T 2 ' > o, b'+<r / < o, 

(«*) conditions (2*4) hold, 
and (iv) 0 (a) is given by (14), 
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then 


At 

\ 


r H a >p r Aut | ( fv’ c ]\ 1 da 

Jo u 7, S L I (h> d s) J 

( a i9 e l)> • • * > (# n> e n)> (1 — A ^g), 


' 3>i ) =r f(x) H m +p> n+a 

J 0 ^ + S> # + 7 


cx 

At 


( a n+\> #n+i}> • * > ( a p>tp)' 
(^l?J G)> * • * a Jm)i (1-—Py £y?£y)j . 

jfm-bi)> • • y (bqyjq)* J 

provided the H-function and the integral on the right of (3*1) exist and 

; ') for small u 
') for large u 


dx 


, {u) ^ \ oa u n 

°7 = max R (^~~), i = 1,2, . . . , 0 

°V = min R (-^f ), i = 1,2, . . . , a. 

This may be easily obtained by multiplying both sides of (1*4) 

by H £ Aut ! integrating with respect to u between 0 and co , 


and applying (2-3). 
Particular cases : 

Case I Putting \ 


2^/V 


,c - 


■ q, n = 0 = p, 


Si ~ I = /2» = ¥+2, ^2 = f ~ ^ = 1> 

7 = 1, 8 = 3, 4 = J,(lj a | — a j - J, 

A 2 = |+ 2 > As = i - di — d 2 = d 3 = £ = c u 
we get from (1-4) and (3*1) respectively 

J 0 K v( u *)f( x )dx 

and 

*/27 r J ( u t)* H-v («0 

Putting ^(r, t ) («*)* //-v («<) rfu 

and simpliiying we see that 

t V ~* • <!>(», t) = J” X 1 " 1 (x 2 +/ 2 )- 1 *i/(*) 




Applying Mellin’s Inversion Theorem we obtain under appropriate conditions 
* 2 +f3 


/(*) = |X + ;*° x- 1 '-!. P'-3/ 2 tf(v, t) dv. 

^ 7r * J & -ice 
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which is given by Sharma [7, p. 738(4'1)]. 

1 1 

Cass II* Putting X 5=1 ^ ~ 2 ^ */] ^ */s 855 

» ~ 0 “A *1 = S + 2> *SS 
0 = 1, yS == 0 == y, 8 


we get 
and 


X 2 — | ~ ^ — d< 


m *=s 2 = 9 ', 

Ai = 


i _ i/ 
¥ - 


*2> 


or 


(2 /)-**-* 


in = 7 ;/* («*)*^(«*) /(*)<& 

J/M-Ijrl /•» 

2 /<-{ J (« 0 * /v+M (“0 <£(«)• <& 

'• r (i+/.)/(«) ^ , 

• ' (# 2 +i 2 )/*+ l 

,w * 3 / V(*) r(iH-/*) *- v -W* 


-/:( t ) 


. tt*. ^(v) 


where 


f, 


(* a +/y+ 


*(•0 


aOO 

: J o («*)* Jn+V (ut) a'*- 1 ^( B ) rf« 


W W 

Inverting this integral with the help of Inversion Thenr*™ #•„„ „ 
Transforms we get tmder relevant conditions, Melhn 

r ( , +!),/(,) = „-l. (2 o-M. #(r) 

which is known [7, p. 739 ( 6*1)]. *" * ’* '' 
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Abstract 

The linear Jacobi polynomial approximation is applied to solve a non-linear 
differential equation 


x + ax -f bx 8 = 0, 

where s is a positive integer, generalizing the previously known results. The 
results are compared with various particular cases found in the literature. It is 
found that the approximation is good and compares satisfactorily with the exact 
values for s = 3 and it can be improved by a suitable choice of the parameters 
of the polynomial. 

1. Introduction 

Denman 1 has shown that an amplitude-dependent approximation to the 
frequency of the simple pendulum may be obtained by making a linear Tcheby- 
cheff polynomial approximation to sinfl in the interval (-A, A) t where A is the 
amplitude of the motion. Denman and Howard 2 and Denman and Liu 3 have 
applied the ultraspherical polynomials, which include the Legendre polynomials, 
the Tchebycheff polynomials of the first and second kind, and the Tayler series 
as special cases, to the above problem. Garde 4 has applied Gegenbauer polyno- 
mials to some forced oscillation problems. In a recent paper 5 Jacobi polynomials 
are used to obtain a linear amplitude dependent approximation for the purpose of 
linearization of the non-linear differential equation of the type 

x ax + bx 3 = 0 

In the present paper the authors have applied the Jacobi polynomials to 
obtain the linear amplitude dependent approximate solution of the non-linear 
differential equation of a more general type 

x + ax + bx 8 = 0, (1*1) 

where s is a positive integer, subject to the initial conditions x = A, x — 0 and 
t = 0, A being the amplitude of motion. The results obtained are compared with 
those of special values of s available in the literature. 
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1. Jacobi polynomials and linear approximation, 

Jacobi polynomials are the sets of polynomials orthogonal in the inters i: 
~] 3 l ) with respect to the weight function (1 - x) a (1 + x)R } where Re a > ^ j a ^!' 
> ^ /_> — l 4 


(_] 9 l ) with respect to the weight function (1 - x) a (1 ■ 
Re)i> - 1. 

These polynomials may be defined by [6, p. 254] 

/ i k \ f it . « 


p (a, j 3) f x ) _ F A- «, 1 + « + /? + n 1 -x \ 

P n < ■»(*)- „! ! + « » "r j ’ 


where 3 Fj is the gauss’s hypergeometric function, 

Gegenbauer, Ultraspherical, Legendre, and TchebycheflF polynomials are particub, 
cases of the polynomials (2*1)* r 

In the interval (- A, A), Jacobi polynomials are defined as the sots of D0 i v 
nomials orthogonal in this interval with respect to the weight function (\ - £/X 
(1 -j- x/A)P. This gives rise to ?„<“> P) (x/A). ' x '^f 

For a function/!*), which can be expanded in terms of Jacobi polynomial, 
m the interval (~A> A ), we obtain r x ■ W 


co 

/(*) = n 2 _V a - & (*IA), (2 .j 

where the coefficients a n ^ a > P) are given by 

m ft J-i f(AX) Pn ^ S) M O - * )* (1 + #)0 

a n (a <p) = — _ , 

J. x L f n ( “’^ (*)] a (1 - *) ft (1 + X)P dx 1 

w £i3r‘" (2 ' 2, iS , ~““ d *'■" ,h ° *““» <™, WC Ob, 

/*(*)= «0 <a >^ P 0 < a >P).(xlA) + 

T,U P«ri°d correspond^ t< 

r 4r i?\ $ 


, 2 + «+ j9\C/‘ 


5 =| Sissttsmas. 

( 3 + “ + /?) r (2 + H^s) 


<■-*)“ (! + »)?*. 

P P “ e 10 “"«*■ differential cqu a,i„„ 

Where *+/(*)= 0,. 


/(*) = ax J- 
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-Wag a positive integer, by , atlng thc Ja£oW polynom . iis apptox . mat . on 

By § 2, the linear Jacobi polynomial approximation of/(«) gives 

/ * ( * ) = {M + bxS) * = «o (a ’& P 0 ( a ’fr (x/A) + aF.fipja.fi ) {x , A) 

„ I n ^ . \ t j 


because 
and where 


= a Q ( a >l3) 4 - a (a,/3> f a ft , 2+«+/3 # "] 

L 2 + 2 a ) • • 

(*) = 1, />,(<*,/?) ^ = «-/3 _L 2+ a + /? 

2 “ ~2 * 5 


a 0 < a >fi) = 


aj®. j8) 


. II (!-»)» (1 + *)/3& 

/., W’® mj* a -*i* (i + xft * ’ 

/’, ^ V-ft (»)(!-«)■ (1 4 . ,)0 * 


where 


‘ = ^r (2 + . )r , 2 + „ /(3 + a + wr(2 + a + 

Using the integrals [7, p. 466], [6, p. 26 1 ], t8 _ p |6(JJ _ 

f, *' (1 -■>)“(!+ *)« P„<«.0> (,) * 

- g^UjlT(j +a + » ) r(l +6+., ) 

”• (-f - «)! T(n + s + a -f p -|- 2) 

X &(*"*' * +”+ 1 n \ , 

V - fi- s 5 ~ l )y > for ■* > « 

— °> for s < n , 


We see that 


_ 214.^4. r( | + „ + a , „ |a _ e+n) 

r(2 + « + p 4T2n) ~ 5 for Sssn * 


a n ( a 'P) = iiir a ) a/ * . r(« + s + 21 rip + .<■ + tv 

■ + * + 2 + ^H^+T+iiTiirr® 

X 2 F i (~ S, a -f 1 j _ p _ s . _ j ^ ^ 

< a</3) « + — ( . 3 + -g -+ *) r (2 + a + B) r( i + p + s) 

2+a +v T(a + p + , + srep+w — 

X 2 F x ( 1 ~ s > a + 2;-l \ 

v -P-s )■ C 


C 67 ] 



or 


Replacing/ (*) by its approximation /* (x) y (3*1) transforms into 

+ ..<*■» + •.«■•*> {V + i\ ~ 0 

* +>r,x = ( v- v) . 


where 


,2 - a+bsA*- 1 ( 3 + a + ff) r( g +^+3) r(l+^+j )- 
X, - a-YOSA r(«+j8+J+3) r(2+j 6) 




2 = M*- 1 («+g+ 2) r(«+;3+2) r(l+j8+j) 

ls r(i+js) r(j+a+^ + 2 ) («-£) 


x *Fi ( ”*’ 0+1 ; - 1 ). 

The approximate solution, subject to the initial conditions x = A, 
at t = 0, is given by 

'.=[•<+ 2 ^ 0 W-^u- X*,/ O 


2tt 

A* 


The approximate period of oscillation is given by T* 

4 . Discussion and comparison with the known results 
Particular cases 

{%) a = o. For a = 0 , we find that the approximate solution 
non-linear differential equation 


is given by 


x -\-bx 8 = 0, 


where 


** 



<* - 8 


(i-Xx* 


I **2 

A a ) J 


** 

cos 


a ~J3 

2+a+0 


** 

(1-Ax 


2 

a 



H 3 = £if±£±ilII 1 +0+*) 

r(«+0+H-s) f(2T^) 

a 2 = b *—. E?±£±ltIli±P±s) 
r(l+£) r(i-f-a-|- $+2) (j8-a) 


2^1 

A 


( 

( 


1-j, a-f 2 

-/3-f 5 
-0-' J 


') 

)• 
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(3*10) 

(3-11) 

(3-12) 

; = 0 

(3*13 J 

of the 
(4-1) 

(4*2) 

(4-3) 

(4*4) 



The approximate period in given by 


T* 


2ir 

la** 


(4-5) 


(it) b = o or s = 1. For b — o or s — 1, we obtain well known equation 
for S. H. \T. 


(Hi) s = 3. For s — 3, 


and 



- a+3bA 3 


{(«-£)* +H-,g+4} 
(4+a+0) (5+a + b') 


. 2 _ M2{(a-/?)3 + 3(«+/gH8} 

1 3 (a+/3+3) (“+/J+4) 

and the approximate solution of 


is 


x + ax-{-bx s = 0, 


** 



2+a-fjS 


( 



cos As t - 


(«-m r 
2 -(-«+/? V 


and 


T *= 2ff/A 3 , 



which is the same as given by Garde [5, p. 1 12]. 

The exact solution of (4*8) is given as [9, p. 40] 

x — AC n { t(a-)-bA 2 )i } , 

where C n (x) is the Jacobian elliptic function of modulus k given by 


(4-6) 

(4-7) 

(4-8) 

(4-9) 

(4-10) 

(4-11) 


= 


bA* 

2 (a+bA 2 ) ’ 


The period of oscillation is 


T _ 4F(A 3 | rr) 

(a+bA*)i ' 


(4-12) 


where F(k, §ir) is the complete elliptic integral of the first kind of modulus k. 

In order to study how good our approximations compare with these exact 
solutions we consider the following two cases. 

(a) As the approximation depends on the values of a, for a fixed values 
of a and b, we, therefore, consider the following values of «, /8 for a = 10, b = 100, 
A — 1 ; 


a = - 0-4, * - 0’5 

a = - 0-5, /? = - 0'5 
« = + 0-5, fi = + 0-5 
The results are given in table 1 . 
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TABLE 1 


Comparison of exact and approximate solutions for a = 10, b •= 100, A = 1 


t 

Exact 

solution 

Approximate 
solution 
for a — - 0*4, 

/? - - 0*5 

Approximate 
solution 
for a =■ - 0*5, 
/S==+0*5 

Approximate 

solultion 

for 

*=/?=-b0*5 

•01 

•99501 

•99591 

•99595 

•99680 

*05 

•87509 

•88708 

•89605 

•92866 

*06 

•81914 

•85398 

•85252 

•89605 

*09 

•63976 

•68539 

•67488 

•77757 

*12 

•41877 

•46346 

•44645 

•61375 

•15 

•20790 

•20745 

•18964 

•41759 

•16 

•13058 

•11945 

•10063 

•34365 


(b) To study how our approximations compare for different values of a and b 
for the same values of a and ff 9 we have considered the following values of a and b 
for a ~ ~ 0*4 and /i = - 0*5 

(i) a = b « 10 
(**} « = 100, b = 10 

The results are given in Tables 2 and 3. 

TABLE 2 


Comparison of exact and approximate solution for a ~ b ~ 10 


t 

Exact solution 

Approximate solution 

•01 

•99920 

• 99920 

*05 

•97597 

•97811 

*06 

•96398 

•96913 

*09 

•92206 

•93260 

•12 

•86077 

•87806 

•15 

•79090 

•81462 

•20 

•64868 

•67618 

•25 

•47607 

•50819 

• -30 

•29635 

•31805 

•35 

•10879 

•11412 


TABLE 3 


Comparison of exact and approximate solution for a = 100, b ~ 10 


X 

Exact solution 

Approximate solution 

*01 

•99500 

*99503 

•05 

•86782 

•86861 

*06 

•80916 

•81499 

*09 

•60375 

•60024 

*12 

•31731 

•32885 

*14 

•11770 

• 12577 


C 70 J 


(«0 e = 2. For i = 2, the exact solutions are not available. This case 
has, however, been considered in [9, p. 51(16)] for an approximate 
solution. The solution is as follows : 


with 


- £(M 2 /2^)+(^ 3 /3«^)J+ [ A+bA 2 /3w 2 


+ 


29b 2 An 
576 J 


cos wt 


+ 


r bA 2 

L 6z " 2 


+ 


b 2 A* "] 
9w i J 


cos 2wt + 


b 2 A* 

48^ C0S 3wt > 


~, 4 f , 5 b 2 A 2 ) , 2* 

t 1 12a 2 J and penod = w' 

From our study (3T3) it follows that 

(i (-<»« ) 

_ . r . , I 2+°+ft I "I 

** - A I + fl(a+j3+4) + 2bA^ - a) J C0S 

-A [ 1 - ]/“(“+£+*) -4 2 bA (jS - a), 

where 


and the approximate period 


2 bA ()3 - «) 
«+j8+4 ’ 


r* = 


2 IT 

a7’ 


(4*13) 

(4-14) 


(4*15) 


(4*16) 


In order to compare (5*1) and (5*3) numerically we take the following 
special values of the parameters as given in [9, p. 248, ex. 18], namely 

a — 400, b = 100, <4=1 and one of our values of a and /3, i.e. a = - 0*4, 
J8 = -0*5. 


The solution (5*1) becomes 


x = - 0*155+1*102 cos wt + *052 cos 2 wt + *001 cos 3 wt 


with w = 19*45 and the period 

2ir 

W 


2tt 

19*45 


= '322, 


and (5*3) becomes 
and 


#* = cos (19*84) t 


T* 


2r 

19-84 


•321. 


(4-17) 


(4-18) 

(4-19) 


The solutions (4-17) and (4-19) are compared below in Table 4. 
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TABLE 4 


t 

**(eq. 4*19) 

*(eq. 4* 17) 

•01 

•98007 

•97499 

•02 

•92491 

•90198 

•03 

•83370 

•78580 

•04 

• 70171 

•63010 

•05 

•54869 

•48464 

•06 

•37166 

•24286 


Conclusions 


In the present paper the linear Jacobi polynomial approximation of 
the non-linear restoring force has been applied in the linearisation of the 
non-linear differential equation involving general power of*. The results thus 
obtained are found to agree fairly with the known exact results in cases .j - l 
and s - 3. The approximation can be improved by suitable choice of the 
parameters a and p. 


, . Fr ° m table ,_l 14 “a be seen ^at the variation of (3 effects the solution slowly 
but on the other hand the variation in a is quite effective. It appears that low 
vaJues of a would be necessary for approaching the exact solution. From tables 2 
and 3 it is obvious that coefficient a is more effective than the coefficient b which 
means that the effect of the first term of the equation will always dominate in the 
result. It means that the perturbations will always remain small. 
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Abstract 

In this paper two types of transformations, given by Charles Fox in T-chains, 
are studied with the help of resultant of kernel functions. 


1. Introduction 

Charles Fox [6, 7] has established T- chains in two types of Transformations. 
One is given by 

(***) (*) “ im(u) k m (ux) du [m = 1, . . . n] 

and other is of the type 

( 1>2 ) g*+i (*) = n (f) gi(u)~ (i — l, — ,/>] 

(1 ‘ 3) /: l * (7) T = «(*) U - 1 

where + j = n, r<(*) and //(*) are the kernels. If £ n+1 (*) = g x {x) then (1-1), 
(1*2) and (1*3) form a T.— chain. The T-chain may consist of only one type of 
kernels. 

The object of this paper is to study these transformations given by (1-1) and 
(1*2) and T-chains given by Fox, with the help of the resultant of two kernel 
functions. 

In section 2, we have discussed the resultant of two kernels for each of the 
two transformations. In § 3 the properties of the resultant kernel functions are 
compared with the properties of its components for each type of transformation, 
leading to certain conjectures. With the help of these conjectures, the resultants 
of symmetrical and unsymmetrical Fourier kernels are obtained in § 4. In § 5 the 
resultant of sets of kernels is obtained while in § 6, the resultant of T-chains is 
discussed. In § 7 some of the conjectures obtained in § 3 are proved and are 
illustrated. 

2. Definition of resultant of two kernels and two type of Transformations : 

(a) Resultant of two kernels. In equations given by 

(2-1) g 2 (x) = £i(«) *i(#k) du 
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Mj) ~ I g% (*) ko(xjr) dx 

J 0 

the kernels k^xu) and tyxy) are the product kernels. [3, page 51. We shall refrr 
this type of transformation as transformation I. 

We define the resultant of the two kernels k x (xu) and kjju) as a function 
y , which transforms &(f0 to g 3 (y) and ^(aa), £ 2 (*y) as the component kernels! 
Thus the resultant given by 


(2*3 ) 

R{u,y) = 

f k^xu) k 2 (xy) dx 

is such that 


J 0 

(2*4) 

&0) = 

J £(«, j) du 

Also 

= 

A*) 

where 


(2-5) 

h(v) = 

f kj(£) k 2 (gv) d£ 

J 0 


I f * ( *) iS transformed b Y *»(») fi«t and then by k^xy), the resultant 
R 'i u >J) = f k 2 [xu) k x (yx) dx 

"At) 

= R (y, u) 


S3 Spe« toTand j rcmainS Unchan S ed if the function R( u ,y) is symme tri. 

[6, ^O] 0 " 3 f ° r thC CXiStence of the resu ltant kernel can be obtained as in 
M) If 

^ Jo ^ I 2 exists 

{*0 2T s fr) b bounded on the line j=ij. ,y f n „ „i, , ' 

0 difr CT «fi,,io„ mt ' , i + **? *" ™>“ °f ' 

for the integral ° u gh integral sign is permissible 


I *iW* 2 (*«) - 

J o j 

( a ) r i( x ) * m co ), and 

r, ^t= f" ^(tt) t^xu) du 


*» = J* k(u) 
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12*7) 

where 

* 2 * 8 } 



and 


(2-9) K(s) = J k(u) u Sml du 

(B) If (t) and (») of (A) hold good while (in) is not true then 

(2-10) r x (x) = f k 1 (u)\(xu) — 

Jo u 

2(b) Now consider the equations 

(2-11) &(*)= (f)~ 

( 2 * 12 ) gs(S) = J o 

where the kernels — k^x/u) and — k 2 (yjx) are in the quotient form. We shall 

refer this type as Transformation II. If£ 3 (*) = g B (x) i then A r (*) and£ 2 (*) will 
form a pair of unsymmetrical Fourier kernels in Transformation II. 

In Transformation If 5 the resultant of two kernels — k^x/tt) and — k 2 (yjx) y 

ti x 

by definition 3 is a function R(u, y) which transforms g t (u) to g$(y). 

Thus the resultant given by 

( 2 - 13 ) *(«.»- 

is such that 

(2-14) g s (y) = J o gi(u) R(u,y) du 

Also 

R(u, j>) = \ 

where 

(2-15) r 2 (v) = J *i(£) k 2 (vj£) ^ 

If gl (u) is transformed by— k 2 (x/u) first and then byt- k 1 (yjx) > the resultant 

(2- 16) «'(«. J) - \ h (|)| *- (~) * 

Replacing y/x by z and using (2T5) we get 

(2-17) R\u,y) = -J- r 2 = 

This shows that the resultant remains unchanged even if the kernels — k^x/u) 
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and — kfy/x) are interchanged. Conditions for the existence of the resultant 
kernel in this type of transformation can be obtained as in [ 11 , Theorem 28 , 
page 46, Theorem 44, page 60] and in [7, page 680 ] 

((7) We have, if 

(i) y* kjy) e L(b, <*) 

(ii) ytkfy) e 1(0, co ) 

(in) yik 2 (y) is of bounded variation in the neighbourhood of y = x 

then 

(a) yt r 2 (y) s L(0, co ) 
where r 2 (x) is as in (2* 15 ). 


(D) Again, [7, page 684] if 


co) 

(it) Kfs) is bounded on the line s = $ + it for all real values of t 

(nf) differentiation with respect to x through integral sign is permissible 
for the integral 

Hy) K(*ly) dy 

(a) rfx) e £2(0, co ) 
where r 2 (x) is as in (2T5) 



(£) If (i) and (ii) of (Z>) hold good, while (iii) is not true, then 

r 2 (x ) = f ^(ji) k 2 (xjy) dy 

J 0 

3. Properties of two types of Transformations : -In this section we now compare the 
properties of two types of transformations I and II as observed TseS 2 wkh 
particular reference to the nature of the resultant kernel and its components.’ 

(») The kernels kfxu) and k.fxy) in Transformation I are product kernels 
while in Transformation II they are in the form-?- r 2 (>/«), a quotient 
form u 


(») 


(iii) 


The forms of ^resultant kernels in Transformation I and II are 
similar, viz. — rfyju) and ~ r 2 (y/ u ) 


nd y. In Transformation II, the two resultants are 


respect 

same. 


to 


(») 


From conditions (d) and (B) of §2 we ob*„e ,ha. condition, on 
*.(«) and V») for emMence of- and .ho* enhibited byJ ,,(,/») 



are different in Transformation I, while in Transformation II, it can 
be seen from conditions (C) and {D) of § 2, that the conditions 
imposed on k } (x) and k 2 (x) give rise to similar conditions on r 2 (x ), 

which in turn give rise to similar behaviour of— kfxju), — k 2 {y/x) 

1 u x 

and — r 2 (ylu ). If k x [x) and kfx) denote the kernels of Transforma- 
tion II, then r 2 (x) will denote the resultant kernel. 

These observations suggest us the following conjectures. 

(a) Nature of the resultant in Transformation I will generally be different 
from the nature of its components. 

( b ) In Transformations II, we expect that the properties of— k^x/u) and 

1 1 ^ 

— A 2 (j>/x) should be present in — r 2 (y/u) and the properties ofA z (x) and 
x u 

k 2 [x) in r 2 (x). 

(r) A transformation affected by two kernels k L (xu) and k 2 (xy) in Trans- 
formation I is equivalent to a single transformation affected by the 

resultant kernel — rfy/u) in Transformation II. Thus (2*1) and 
(2*2) can be replaced by a single equation. 

/ • 1 

&(“)— rJJlu) du 

of Transformation II, without changing the order of (2'1) and (2'2) 

( d ) All T-chains are equivalent to one another. 

4 . Resultant of Symmetrical and Unsymmetrical Fourier Kernels. In Transformation I, 
if JL rfy/u) is the resultant of k x (xu) and k 2 (xy) then under the conditions (A) and 

(B) of § 2, the Mellin transform, R^s) of r^x) as in (2*5), can be written as 
(4*1) Rfs) = JTiC 1 -s) K 2 (s). 

By taking Inverse Mellin transform of it^), rfx) can be obtained. 

If kfx) and k 2 (x) form a pair of unsymmetrical Fourier kernels then [8, page 116] 

(4*2) K x (l -s) K 2 (s) = 1 

giving Rfs) = 1, r x (x) will exist as in (2*10) (8, page 123] and is given by 
(4-3) r(x) = 0 (0 < x < 1) ) 

- 1 ( *> 1) J 

In the case of the symmetrical Fourier keanels, kfx) = k 2 [x) and r-^x) is same 
as in (4*3) 

Because the resultant, r x (x) does not exist as in (2*5), so these cannot be 
replaced by a single equation, as (2*1). 
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In Transformation II, under conditions (C) and (D) of § 2 we get 
(4*4) - R 2 (s) = K^s) K 2 (s) 

i, 1 ■ 

instead of (4*1) r 2 (x ) can be obtained by taking Inverse Mellin transform of R 2 (s) 

If we denote by k u (x), a unit kernel which transforms into itself, we 

see then K u (s), its Mellin transform is unity. Hence the kernel k u (x) is same as 
r x (x) which exists only as in (4*3) 

Also in the case of symmetrical or unsymmetrical Fourier kernels 
(4*5) . R,(s) = Kfs) K 2 (s) ~ 1 

so rfx) is same as k u (x) and exists only as in (2*10). Thus two equations containing 
Fourier Symmetrical or Unsymmetrical kernels cannot be replaced by a single 
equivalent relation of the same form as (2T1) 


5. Resultant of a set of kernels : — In this section we shall consider the resultant of 
three typ es of sets of kernels . , 

(a) Resultant of n kernels of Transformation II: We consider a set of equations say 
n in number given by y 

(5*1) g P+l (x) = g p (y) k p (x/y) & [P = 1, ...n) 


transforming a function g t (y) into g n+l {y) through n integrations. Under most 
favourable conditions on g x (y) and k p ( y) as in (C) and (D) of § 2, we see that the 
first two equations can be replaced by a single equation 

,5 ‘ 2 ) gs{x) = f gi(j) Kr^xjy) ^ , 

r * t r t J o y 


where Krjf) is the resultant of k L (y) and k 2 (y) reducing n equations of (5'1) to 
Again equation (5 2j and no. 3 of (5-1) can be replaced by a single 
equation ^ ° 


(5-3) 


Si f *) = J a &(;) Kr 




y 


where Kr^y) . is the resultant of Kr x (y) and * 3 (y) reducing to (n - 21 eauations 
Repeating this process the set of n equations of (5*1 ) can be replced bv a sSe 

to^ + ; W With the help ofa single 
i^fitantkem^L^ This single resultant kernel can also be found with the heln 

K page GSO] 3( ) ^ rCSUltant ° f this set of kernels, k p (x) then 


R i (s)= II K p (s) 

and r^*) will be obtained by taking Inverse Mellin transform of R 2 (r) 

C 78 ] 



As an example consider a set of m kernels given by x * J Vr (x) [r = 1,2,..., m ] ; 

then we observe that each kernel satisfies conditions (C) of § 2 if v r > - £. Using 
(5*4) we have 


1 ) 

-i) 

Taking Inverse Mellin transform of Rfs) we get r 2 (*), the kernel , V2 , v m {x) 

defined by Bhatnagar [IJ. In particular if Vj = n and v 3 = v we get Watson’s 
kernel, [12, page 308] ^(x). 

(, b ) Resultant of 2 n kernels of Transformation 1 : Consider a set of 2n equations of 
Transformation I transforming g L (*) to g m+l (x). Suppose that r< g +i)/ 2 (*)> the resul- 
tant of kq[x) and £ g+1 (*) \_q = 1, 3, 5, , (2n - 1)] exist as in (2-5). Each pair 

of equations containing kernels k,,(x) and k q+1 (x) can be replaced by a single 
equation, under conditions (A) of § 2 as shown in § 3 (C), thus reducing a set of 2n 
equations of Transformation I to n equatians of Transformation II. Further under 
conditions (Z>) of § 2 it can be replaced by a single equivalent relation as in § 5 (a). 

The resultant can be obtained by using Mellin Transform relation 
(5*6) R( s ) = II Kap-i (s) K 3 p ( 1 - s) 

v , pt=zl 

similar to (5*4). 

As an example consider a set of 4 kernels, each ef x of Transformation I, 
Under the conditions (A) of § 2, rfx) as in (2*5) exists and is given by 1/(1+*). 
Further *-i/(l +*) « L(0, co ) and is of bounded variation in the neighbourhood of 
* = y ly - 1). Thus r.fx) as in (2*15) is given by 

(5*7) = [ 


(5-5) 


Rfs) =■ 2«< a -i) 


m 

II 
r=i r 


r ( 


> * 9 


+ 


C+ 


+ 


Using [5, page 216], we have 

(5*8) r 2 (x) = (*- 1) _I log* x^=-l 

Using Mellin transform relation (5'6), we have 

(5*9) R(s) = I (s) T(1 - s) T(s) T(1 - s) = cosec 2 *■ * 


Usnig [4, page 346], rfx) is same as in (5*8). 

(c) Resultant of (2 n+ 1 ) kernels of Transformation I We consider a set of (2n+ 1) 
equations of Transformation I, transforming gfx) to g 2n+2 (*). Of these the first 
2n equations can be replaced by a single equivalent equation of transformation II, 
under favourable conditions. Thus the set can be reduced to two equations, one 
of Transformation I and other of Transformation II, as 


(5-10) 


Ssn+i (*) ,?=• 


£ &w '(y) 


dy 

7 
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(5-H) &« +a (*) - J o &»+i (*) *w»+i (*«) 

where — r(xjy) is the resultant kernel of first 2 n kernels of the set. Now (5*10) and 
(5*11) can be further reduced to a single equation if the integral 


(5*12) 

can be evaluated. 


L ’(yh*' 


(xz) dx 


The resultant can also be obtained by using Mellin transform relation 


(5-13) 


R(s) = K»+i(s) II Raq-iW (1 - s) 

q-fl 


6 . Resultant of T-chains : 

We shall obtain the resultant of three types of T-chains discussed by Fox. 

A set of n equations in Transformation I and II forms a T-chain if g l (#) = 
£n+t(*)* This gives S(s) = 1 in (5*4), (5*6) and(5 f 13). r(x) cannot be obtained 
as fj (*) in (2*5) or r 2 (*) in (2'15). It is identical with K u (x). Thus transfroma- 
tion of a T-chain ^equivalent to that of a unit kernel of Transformation II, 

Consider a T-chain of n equations of transformation II. The first (n - J) 
equations do not form a chain but a set, so under sufficient conditions it can be 
replaced by a single equation as shown in § 5 (a) . This equation obtained and the 
Hth equation left, form a pair of equations containing unsymmetrical Fourier 
kernels. These cannot be further replaced by a single equation as shown in § 4, 

Consider a T-chain of 2 n equations of Transformation I. As shown in § 5 (a) 
these can be replaced .in general by n equations of Transformation II and 
ultimately by a pair of equations containing unsymmetrical Fourier kernels. 

We now consider a T-chain of (2/2 -h 1 ) equations of Transformation I. The 
first 2 n kernels do not form a chain and can be replaced in general by a single 
equation of Transformation II. So in this case (2n4-T equations of Transforma- 
tion I are equivalent to two equations, one of Transformation I and the other of 
Transformation II. This leads to a existence of a Mixed T-chain and a Mixed 
set. 

Generally all the kernels of a set or of a T-chain will not obey favourable 
conditions. But if some of them, obey these conditions, then this can be used 
to reduce the length of a T-chain without affecting the total transformation, e.g. 
in a six term K-chain of Transformation I [6, page 231] given by 

M*) = M*) -J ~ : sin x > k s(*) = hi*) - J ~ cos x 


k t{*)= k 3 {*) = * i M*) 

the resultants of kjjt) and also oik^x) and k t (x) exist. Thus we have only 
four equations forming a Mixed T-chain with kernels k r {x), (i = 1,2, 3, 4) given 

b y *i(*) — %{x) = j (* - I)>"* 2 (*) = "*4(*) = ** J 0 {x) where ~*i(*) and 

"*»(*) are of Transformation II and l 2 (x) and i 4 (#) aire of Transformation I. 
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If we consider a mixed set of four kernels, Cos x , Sin x of Transformation II 
and e~ x 9 e’ x of Transformation I 3 then these are equivalent to two kernels, [7, 

page 687] ^ Jo( x *) an d 1/(14-*) of Transformation II. Thus a mixed set of 4 
equations is reduced to two equations of Transformation II. 

7. Properties of resultant kernels and its components : 

In this section we show that some properties of the component kernels are 
observed in the resultant kernel. 

[a) Theorem 1. 

Under the conditions (A), ( B ), (C) and (D) of § 2 if 

(i) k Y {x) and kfx) are different Fourier kernels in Transformation I 
(it) rfx) is the resultant of kfx) and kfx) in Transformation II as in (2T5) 
then r 2 (x) will also be a Fourier kernel in Transformation I. 

Proof : 

Under the conditions (4), (B), (C) and ( D ) of § 2, the Mellin transform 
relations corresponding to (f) and (it) of the theorem will be 

(7T) Kfs) Kfl - j) = 1, Kfs) K 2 { 1 - s) = 1 [8, page 116] 

(7-2) **{*) = Kfs) Kfs) 

Using (7*1 ) and (7*2) we have 

(7*3) Rfs) Rzi 1 ** 1 

showing that r 2 (x) is a Fourier kernel. 

This proves the theorem. 

For example, the resultant keanels <»p> v (x) and <a Vl , , V2 . . v m (x) obtained in 
§ 5(a) are known to be Fourier kernels. 

(. b ) Theorem 2 

Under the conditions (4), ( B ) and ( D ) of § 2 if 

(7*4) (*) gi(j) = /»(*); kUlx), dx, (i = 1,2) 

(it) resultants g(y) of gfy) and g^y),f(y) and ffy) and k(y) of kfy) 

and kfy) of transformation II as in (2 ’15) exist 
then g(y) will be k- transform of f(y) 

Proof : 

Under the conditions (.4), (B) and (D) of § 2 the Mellin transform of relations 
corresponding to equations of (?) and (it) give 
(7-5) Gi{s) = Ki(s) Fi (s) (i = 1, 2) 
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(7-6) 


G(s) = G&) G a {s),F(s) = F,(s) F 2 (s) and 
K(s) = K t (s) K a (s ) 

Eliminating Ki(s)> s )» ^z( s )f ^i( J ) an ^ G 2 (j) 
we get 

(7*7) G(s) = F(s) K(s) 

The equivalent relation to (7’7) is 

(7*8) *(*) = J“ /(#) \k fydu 

This proves the theorem. 

A similar theorem, stated below, can be proved on similar lines as in 
Theorem 2. 


Theorem 3, 

Under conditions {A), (B) and (D) of § 2 if 

{i) gi[y) is the transform of f^y), gi[y)} ia the k 2 - transform of 
Aiy) in Transform I 

(«) resultants g[y) of ^ ) and g 2 (y),f(y) oif.iy) and f 2 (y) and k(y) 
oik^y ) and k 2 (y) of Transformation II as in (2-15) exist 

then 


g{y ) will be k transform of f[y ) in Transformation I. 

In particular if/J y ) and / 2 ( y ) are self-reciprocal in fc and k<*~ transforms 
respectively them/O- ) will be self-reciprocal in k- transform. 

A r 


■Ryy then 


ten an example, it can be seen that if/j(_y ) is'i?^ til; page 245] arid My) is 


( ) /W = J o / 1 (y)- r/s (±^ ' 

is self-reciprocal in >)V - transform [9, page 198]. 

. (<r) We now consider the inverse ornblMt, c. j- 
when the resultant kernel and one of its £>mpon JSeTsds^noWn P ° nent 

Given the kernel k x (x) and the resultant kernel *(*), if * - 

(7-k» *>- />}*(->' 

(7 ’ U) ^ ) = J 0 ^) 7 r (y)^ 
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then we have to obtain the component kernel* & 2 ( y ) 3 transforming g 2 (y ) into g<{y ) 

f 7 * 12 ) *(*)* 

Assuming the conditions on &(*), g 2 (x), g?(x), k^x) k 2 (x), and rfx) allow us to 
take Mellin transforms of g^.x), r(x), we obtain (4-4) giving 

(7-13) KJs) = R(s)/K,(s) 

Taking Inverse Mellin transform of K 2 (s), we obtain k.,(x) as 


(7-14) 


* ( *,__L lim f *+ tT 
2,1 ~ 2*i T-^co J },-iT 


RU) 

K-Js) 


x~ e ds. 


Further if£;(*) is one of the kernels of a pair of unsymmetrical or symmetri- 
cal Fourier kernels of Transformation I, we can write [3, page 1 17, 118] 

(7-15) HJ1 -s) = 1 


where H^s) is the Mellin transform of the other kernel of the pair of kernels in 
equations given by 

(7-16) g(y) = f /(*} k^xy) dx 

J O 

(.7-17) f(y) = f g(x) h)(xj) dx 

J 0 

Then (7* 14) becomes 

(J.'S, H '(‘ ")*"*■ 


Using Parseval relation for Mellin transform [11, page 54] 


we get 

(7-19) k 2 {x) = r(xy) h^y) dy 

If we select r{x ) = (a;), h^x) = A;^#) = x* Jp{x) then by (7T9) 

(7-20) k 2 (x) = j y, v {xy)yi Jn(y)dy = x* J v {x) 

This suggests that if fi(y) has a property A with respect to kernel k^y) and 
f[y), the resultant of / x (j) and f 2 (y)> has the same property A , with respect to 
the resultant kernel, r{y)> then/ 3 (>) will have property {A) with respect to k 2 (y). 

We here state a result obtained by Bhatnagar l_2, page 51] in its support. 

If/(*) is Rn, v and belongs to A (<o, a) [1 1, page 252] and p{x) is Rp, then 



Here g(x) is to be interpreted as component of f(x) 

In an earlier paper [10] the author has obtained, symmetrical Transforming 
kernels, changing one self- reciprocal function in one transform to another self 
reciprocal function in another transform. The transforming kernels are the resultants 
of two self reciprocal functions in different transform and the conversion of one 
self reciprocal function into another amounts to finding the other component of the 
resultant when one self- reciprocal function is known. 
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Abstract 

When different organic substances like starch, water hyacinth, and cactus are 
mixed with alkali soil, they are slowly oxidised and in this process, a marked 
increase in total nitrogen, exchangeable calcium and available phosphate and a 
marked decrease in pH and electrical conductivity takes place resulting in per 
manent reclamation of alkali-soiL These changes become much more pronounced 
when organic substances are reinforced with basic slags like German basic slag 
and Tata basic slag and rock phosphate like Bihar rock phosphate. Moreover, 
the efficiency of the process of reclamation by the mixture of organic matter and 
calcium phosphate is greatly enhanced in the presence of light 


Reclamation of alkali soils presents a problem of immense practical im- 
portance for bringing back millions of acres of such unproductive lands once 
again under the plough* Dhar 1 has developed a new concept for the reclamation 
of alkali soil by a mixture of organic matter and calcium phosphates. According 
to him the basic principles involved in the mothed of reclaiming alkali land by 
a mixture of organic matter and calcium phosphates are (I) the creation ol humas 
in soil and humus has excellent buffer qualities and (iij the formation of di- and 
small amounts of monocalcium phosphates by the action of carbonic acid and 
org anic acids produced in the slow* oxidation of organic substances in the soil. 
The di- and monocalcium phosphates react with sodium carbonate and bicarbo- 
nate and neutralise their alkaline property. 

CaHPO* + 2NaHC0 3 « CaC0 3 + Na 2 HP0 4 + K/> + CO, 

Ca(H 2 P0 4 ) 2 + 2NaHC0 3 - CaHPO* + Na 2 HP0 4 + 2H.O + 2C0 2 

CaHP0 4 + Na 2 CG> 3 * CaCO s + Na 2 HP0 4 

Ca(H 2 P0 4 ) 2 + Na 2 CO s a CaHP0 4 + Na^PO* + H s O + C0 2 

Consequently, the harmful effects of alkali carbonates are minimised due to 
the formation of sodium phosphate. Simultaneously, Ca'HCOg 2 produced In the 
system supplies soluble calcium ions along with monocalcium phosphate. They 
slowly replace sodium ions from the exchange complex of the alkali soil, thereby 
leading to its reclamation. 

Moreover, in the nitrification of proteins and nitrogenous compounds present 
in legumes and other plant materials, nitrous and nitric acids arc formed which 
are profitable in the reclamation of alkali soils. 
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Keeping in view the above concept of the importance of organic matter and 
calcium phosphates in the reclamation of alkali soils, experiments were carried 
on in dishes in the laboratory by using different organic substances alone 
or mixed with rock phosphates and basic slags. These experiments were per- 
formed in the presence and absence of light in order to study the effect of light on 
nitrogen transformation. The organic substances used were starch, water hyacinth 
and cactus and the sojir^es of phosphates were German basic slag, Tata basic slag 
and Bihar rock phosphate. ® 


Experimental Procedure 


200 gm of well powdered alkali soil obtained from Phulpur. (Allahabad) was 
taken in enamelled dishes and mixed thoroughly with different organic materials 
and phosphate. The rates of application of organic materials and phosphates 
were 1% and 0*5% P 2 O g respectively. The contents of dishes were thoroughly mixed 
and 50% moisture was maintained by adding distilled water for the first 1 5> days 
and |hen the level of moisture content w?ts reduced to„25% in ord^.to bring about 
pr6|>«“r aer ation. ' In •this' way, two sets of experiments, wef^j^ttformed under 
similar conditions.; - f .©he set bf experiments was exposed to artificial light from 
a 100 watt electric bul|> while„tKe other set was covered with thick black cloth 
to cut off fight. Temperature was Recorded daily. 

At the time ,of analysis the contents of the dishes were thoroughly mixed 
and samples were taken and analysed for organic carbon, total nitrogen ex- 
changeable calcium,- available P 2 0 6 , pH, and electrical conductivity, Carbon* was 
estimated, by the method of Robinson, Mclean and Williams 2 and total nitrogen 
by the salicyclic acid reduction method 8 . Hissink’s method 4 was used for the 
determination of exchangeable calcium and available phosphate was estimated 
by Dyer s method r pH was determined by glass electrode Beckman pH meter 8 
and conductivity was determined by Leeds and Northrup Pt-Ir drum type bridge 7 . 

Results * • ' 


Analysis of the alakali soil obtained from Phulpur Allahabad 


Moisture 
Loss on ignition 
HC1 insoluble 
Sesquioxi de 
Fe*0, 

CaO 

MgO 

Total P 2 O g 
KX) 

Available P 3 0 5 
Totalcarfeon . 


% analysis 


r % analysis 

. 1*210 

Total nitrogen 

. . 0-0410 

2-820 

nh 3 n 

. 0-0023 

84-190 

NO r N 

. • 0’0032 

- 7-050 

Total available N 

. .* .0*0055 

/: 4-1012 

pH , - 

9-3 

1-2502 

Conductivity 

. ^ * 4 1 *85 m mhos/cm 

1*2400 

Total bacteria count 

. . 0*07 million/gm 

01350 

Total Azotobacter count 

. i Q?04 million/gm 

0-7920 

Fungus count 

. . 0012 million/gm 

0-0280 

0-2205 

Exchangeable Ca.m.e/ 

. . 4*8 


r se j 


Percentage Analysis of the organic substances 



Starch 

Cactus 

(Phylloclades) 

Water 

hyacinth 

Loss on ignitiop 

• . , 

80-3285 

70-20 

Ash *-* 

... 

19-5712 

29*780 

HGl insolube 

... 

2*4228 - 

* # » 

Sesquioxide 

. 

0*6638 

... 

Fe 2 0 3 

... 

' 00*2320 

11*120 

CaO 

... 

11-9763 

2-7450 

MgO 

. . . 

‘ 1*1828 

3-1645 

K a O 

... 

2-2102 

0*6378 

PA 

, 

0-6325 ; 

0-6521 

Total carbon 

35*10 ‘ 

26-6900 ;V 

26*6350 

Total Nitrogen 

... 

1*6125 

1-4563 


Percentage analysis of phosphatic materials 



German basic 
slag 

Tata basic 
slag 

Bihar rock 
Phosphates 


Silica 

22*7525 

22-56 

20*6240 


Sesquioxide 

19*7520 

23*850 

29-5420 


Fe 2 0 3 

. 16-2070 

17-79 

3-7542 


, ALjOj 

3-5450 

16-0250 

CO 

CO 

& 


Total P 2 O s 

17-5050 

7*570 

17-550 


Available P 2 O e 

10*0565 

4-250 

2*4725 


GaO 

33-5565 

22-4560 

11-0550 


k 2 o 

0-4525 ' 

8-6560 ' 

3-250 


MgO 

5-5050 

4-0560 

0*7503 
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TABLE 1 Average Temp. 30°^ 

200 gm. Soil 'j 1%C as starch 


Period of 
exposure 
in days 

Organic 

carbon 

(gm) 

Total Exchange- 

nitrogen Efficiency able Ga. 
(gm) (m.e.%) 

Available 

p»o 8 

(gm) 

Electrical 

conductivity 

in 

m.hos/cm. 

(25°G) 

pH 

0 

2-4410 

0-0820 

Light 

4-80 

0 0560 

11-85 

9-3 

30 

1-6233 

o-iOie 

23-9 

6-72 

0-0745 

10-82 

8-65 

60 

1-3670 

0-1080 

24-2 

9-46 

0-0885 

10-30 

8*40 

90 

1-0936 

0-1129 

22-9 

11-86 

0-1024 

9-85 

8-25 

120 

0-8983 

0-1113 

... 

13-66 

0-1180 

946 

8-05 

0 

2-4410 

0-0820 

Dark 

4*80 

0-0560 

11-85 

9-3 

30 

1-7576 

0-0912 

13-4 

5-42 

0-0650 

11-36 

8 85 

60 

1-5574 

0-0940 

13-5 

7-06 

0-0732 

11-20 

8-70 

90 

1-3426 

0-0957 

12*4 

8-26 

0*0810 

11-00 

8*60 

120 

1-1229 

0-0951 


9-55 

0-0890 

10-80 

8-45 

TABLE 2 

200 gm. Soil + 1% G as starch + 0-5% P 2 0, 

5 as German basic slag 


0 

2-4410 

0-0820 

Light 

4-80 

0-3432 

11-85 

9-3 

30 

1-3670 

0-1233 

38-4 

8-25 

0-3790 

9-90 

8-40 

60 

1-1717 

0-1312 

38-7 

12-62 

0-4115 

8-65 

7-65 

90 

0-9081 

0-1396 

37-5 

15-92 

0-4430 

7-76 

7-60 

120 

0-6835 

0-1390 

... 

19-02 

0-4705 

6-75 

7-40 

0 

2-4410 

0*0820 

Dark 

4-80 

0-3432 

11 85 

9-3 

so 

1*5745 

0-1024 

23-5 

6-65 

0-3620 

10-48 

8-65 

60 

1-4500 

0-1055 

23-7 

8-42 

0-3785 

9-72 

8-35 

90 

0-1913 

0-1101 

22-4 

10-23 

0-3995 

9-25 

7-95 

120 

0-9398 

0-1099 

... 

11-45 

0-4103 

8-80 

7-90 
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TABLE 3 Average Temp. 30°C 

200 gm. Soil + 1% C as starch + 0-5% P 2 O s as Tata basic slag 


Period of 
exposure 
in days 

Organic 

Carbon 

(gm) 

Total 

nitrogen Efficiency 

(gm) 

Exchange- Avail- 
able Ca. able P 2 O s 
(m.e.%) (gm) 

Electri- 
cal con- 
ductivety 
in mrnahos/ 
cm, (25°C) 

pH 




Light 




0 

2-4410 

0-0820 

. . * 

4-8 

0-3367 

11-85 

9-3 

30 

1-4012 

0-1215 

37-9 

7-82 

0-3715 

ro-os 

8-45 

60 

1-1961 

0-1296 

38-2 

12-01 

0-4008 

8-80 

7-75 

90 

0-9398 

0-1369 

36-5 

15-35 

0-4291 

7-82 

7-70 

120 

0-7323 

0-1362 

... 

18-50 

0-4562 

6-90 

7-50 




Dark 




0 

2-4410 

0-0820 

. . . 

4-8 

0-3367 

11-85 

9-3 

30 

1-6013 

0-1014 

23-1 

6-38 

0-3492 

10-00 

8-65 

: 60 

1-4646 

0-1049 

23-4 

8-20 

0-3647 

9-78 

8-40 

90 

1-2157 

01087 

21-7 

9-85 

0-3797 

9-34 

8-00 

120 

. 0-9569 

0-1085 

• » • 

11-02 

0-3947 

8-87 

7-95 


200 

TAB LB 4 

gm. Soil + 1% G as starch + 0-5% P a O g 

as Bihar rock phosphate 


0 

2-4410 

0-0820 

Light 

4-80 

0-1264 

11-85 

9-3 

30 

1 -4988 

01151 

35-1 

7-22 

0-1573 

10-57 

8-55 

60 

1-2913 

01226 

35-3 

11-42 

0-1834 

9-06 

8-25 

90 

1-0448 

0-1290 

33-6 

14-15 

0-2088 

8-15 

7-75 

120 

0-8300 

01280 

... 

16-75 

0-2340 

7-33 

7-55 

0 

2-4410 

0-0820 

Dark 

4-80 

0-1264 

11*85 

9-3 

30 

1-6795 

0*0976 

20-5 

6-02 

0-1362 

10-71 

8-75 

60 

1-5428 

0-1006 

27-7 

7-88 

0-1496 

9-99 

8-60 

90 

1-3060 

0-1041 

19-4 

8-85 

0-1618 

9-62 

8-25 

120 

1-0350 

0-1037 

-• 

9-54 

0-1739 

9-21 

8-05 


[ 89 ] 



table 5 Average Temp. 

200 gm. Soil + 1% C as water hyacinth 








Electri- 


Period of 

Organic 

Total 


Exchange 

- Avail- 

cal con- 


exposure 

carbon 

nitrogen Efficiency 

able Ca. 

able P 9 O f 

ductivity 

PH 

in days 

(gm) 

(gm) 


(m.e. %) 

(gm) 

in m.mhos / 







cm (25°C) 





Light 





0 

2*4410 

0-1872 

. • . 

4*8 

0-0560 

11-85 

9*3 

60 

1-6721 

0-2046 

22-3 

7*15 

0-0720 

10*85 

8-65 

120 

1-4524 

0-2094 

22-4 

10*20 

0-0862 

10-32 

8*45 

180 

1-2572 

0*2131 

21-9 

12-70 

0*1002 

9-90 

8*25 

240 

1-0741 

' 0*2105 

... 

14-30 

0*1163 

9-50 

ij-15 




Dark 





0 

2-4410 

0-1872 


4-8 

0*0560 

11-85 

9-3 

60 

1*8284 

0-1947 

12-3 

5-90 

0-0660 

11-40 

8-85 

120 

1-6111 

0*1974 

12*3 

7-60 

0-0745 

11*25 

8*75 

180 

1-4598 

0-1992 

12-3 

8-90 

0-0821 

11*05 

8*65 

240 

1-3035 

0-1980 


10-20 ’ 

0-0902 

10*92 

8-50 


TABLE 6 

Soil + 1%C as Water hyacinth + 0-5% P 2 O g as German basic slag 


? ,0 

- ^*4410 

• 0:1872 

60 

, 1-4598 

0-2230 

'.120 

1 2547 

: 0-2309 

.< V 180 

v 1*0741 

0-2370 

,.('240 

0-8666 

0-2361 

0 

2-4410 

,0-1872 

60 

*1*6404 

"0-2049 

* 120 

1-4842 

0-2087 

iso 

1-2888 

0-2127 

240 

1-0619 

0-2123 




..... 

4-8 

0*3432 

r 1-1 ”85 

36*5 

- 5,1 

0-3757 

* 10-10 

36-8 • 

13 -2 

0:408o • 

8-80 

36-4 

16-7 < 

0-4400 

* 7-80 

. ... 

20-0 

. 0-4720 

7-00 

Dari: 




... 

4-8 

0-3432 „ 

11-85 

22-2 

.7*2 

0-3599 

* 10-55 

22-4 

. 8-9 

0-3764 , 

,9*78 

22-1 

.10-6 

0-3927 

: 9-30 


12-0 

■ 0-4088 

8-85 
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9-3 

8-45 

7-70 

7-65 

7-50 


• 9-3 
8-65 
8-35 
s 8-00 
7-90 


TABLE 7 


Average Temp. 28°C 

200 gm. Soil 4 - 1% G as water hyacinth 4 0*5% P /) 6 as Tata basic slag 


Period of 
exposure 
in dayS 


Organic 

carbon 


(gm) 


Electri- 

Total ^ Exchange- Avail- cal con- 
nitrogen Efficiency able Ca. able P 2 O s ductivity in pH 
(g m ) (m.e. %) (gm) m.mhos / 

cm 25°G 


Light 


0 

2-4410 

0*1872 

. . , 

4-8 

0-3367 

11-85 

9-3 

60 

1-4720 

0-2216 

35-6 

8-6 

0-3685 

10-20 

8-50 

120 

1-2718 

0-2291 

35-8 

12-9 

0-3978 

8-88 

7-75 

180 

1-0985 

0*2349 

. 35-5 

16-3 

0-4263 

7-85 

7-65 

240 

0-8910 

0-2338 

/ • * . 

19-6 

0-4546 

7-10 

7-50 




Dark 





0 

2-4410 

0-1872 

. . . 

8-4 

0-3367 

11-85 

9-3 

60 

1-6502 

0-2043 

21-7 

6*8 

0-3472 

10-60 

8-70 

120 

1-4988 

0-2079 

21*9 

8-7 

0-3629 

9-82 

8-40 

180 

1-3109 

0-2119 

21*8 

10-4 

0-3781 

9-35 

8-10 

240 

1*0741 

0-2114 

..... . 

11*6 

0-3932 

8-90 

7-95 


200 gm. 

TABLE 8 

Soil -f- 1% C as water hyacinth + 0 - 5 % P 2 O s as Bihar rock phosphate 

0 

2-4410 

0-1872 

Light 

4*8 

0-1264 

11-85 

9-3 

60 

1-5818 

0*2152 

32-7 

8-2 

01548 

10-60 

8-60 

120 

1-3426 

0-2228 

32-9 

12*0 

0-1810 

9-12 

8-30 

,180 

1-1766 

0-2282 

'. '32-4 

14-7 

0-2064 

8-22 

7-80 

'240 

0-9716 

0-2267 

... 

18-4 

0-2317 

7-40 

7-60 

. 0 

• 2-4410 

0-1872 

Doth 

4-80 

0-1264 

11-85 

9-3 

60 

.1-7576 

0-1997 

18-3 

6-4 

0-1347 

10-73 

8-80 

120 

1-5818 

0-2030 

18-4 

-8-2 

0-1482 

10-02 

8-65 

180 

1-3914 

0-2067 

18*3 

9-1 

0-1605 

9-65 

8-30 

240 

1-1376 

0-2059 


10-3 

0:1727 

9-25 

8-15 
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TABLE 9 Average Temp. 28^ 

200 gm. Soil + 1% G as Cactus 


Period of 
exposure 
in days 

Organic Total 

carbon nitrogen Efficiency 

(gm) (gm) 

Exchange- 
able Ga. 
(m.e. %) 

Avail- 
able P 2 O e 

(gm) 

Electri- 
cal con- 
ductivity pH 

in m.mhos / ■ 
cm. (25°G) 




Light 




0 

2-4410 

0-2028 

• • * 

4-8 

0-0560 

11-85 

9-3 

60 

1-7551 

0-2175 

21-5 

7-05 

0-0682 

10-90 

8-65 

120 

1-5184 

0-2227 

21*5 

. 10-1 

0-0823 

. 10-46 

8-50 

180 

1-3377 

0-2263 

. 21-2 

12-5 

0-0964 

10-00 

8-35 

240 

1-1180 

0-2239 

... 

: 14*1 

0-1125 

9-75 

8-25 




Dark 




0 

2-4410 

0-2028 


4-8 

0-0560 

11-85 

9-3 

60 

1-8845 

0-2093 

J 11"8 

5-85 

0-0622 

11-51 

8-85 

120 

1-7039 

0-2113 

11-5 

7-5 

0-0702 

11-32 

8-75 

180 

1-5232 

0-2134 

11*5 

8-6 

0-0784 

11-16 

8-65 

240 

1-3670 

0-2124 

... 

9-9 

0-0865 

21-02 

8-50 



200 gm. Soil -j- 1 % G as 

TABLE 10 

Cactus + 0'5% P 2 0, as German basic slag 





Light 





0 

2-4410 

0-2028 

. . . 

4-8 

0-3432 

11-85 

9-3 

60 

1-5232 

6-2358 

36-0 

8-9 

0-3734 

10-18 

8-45 

120 

1-2889 

0-2446 

36-0 

13-0 

0 ; 4034 

- 8-92 

7*75 

180 

1-1107 

0*2508 

36-0 

16-6 

0*4332 

7-90 

7-65 

240 

0-9398 

0-2500 

- • 

19-8 

0-4628 

7-10 

7-55 




Dark 





0 

2-4410 

0-2028 

... 

4-8 

0-3432 

11-85 

9-3 

60 

1-7234 

0-2184 

21-8 

7-05 

0-3589 

10-58 

8-65 

120 

1-4964 

02235 

- 21*9 

8-85 

0-3745 

9-85 

8-35 

180 

1-3035 

0-2279 

22-0 : 

10-60 

v 0-3899 

- 9-35 

8-10 

240 

1-1595 

0-2276 

.... 

11-8 

0-4052 

8-92 

8-05 
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TABLE 11 Average Temp. 28°C 

200 gm. Soil + 1% G as Cactus -f- 0 5% P 2 0 5 as Tata basic slag 


Period of 
exposure 
in days 

Organic Total 
carbon nitrogen Efficiency 
(gm) (gm) 

Exchange- 
able Ga. 
(m.e. %) 

Avail- 
able P^O 
(gm) 

Electri- 
cal con- 

5 ductivity pH 
in m.mhos / 
cm. 25°C 




Light 




0 

2-4410 

0-2028 

* . » 

4-8 

0-3367 

11-85 

9-3 

60 

1-5428 

0-2344 

35-2 

8-48 

0-3625 

10-28 

8-55 

120 

1-3109 

0-2430 

35-5 

12-7 

0-3918 

8-98 

7-75 

180 

1-1400 

0-2487 

35-2 

16-1 

0-4205 

8-02 

7 65 

240 

0-9716 

0-2477 


19-0 

0-4488 

7-25 

7-55 




Dark 




0 

2-4410 

0-2028 

• > • 

4-8 

0-3367 

11-85 

9-35 

60 

1-7405 

0-2177 

21-4 

6*7 

0-3472 

10-68 

87 

120 

1-5135 

0-2227 

21-4 

8-65 

0-3629 

10-00 

8-45 

180 

1-3255 

0-2268 

21-5 

10-10 

0-3781 

9-40 

8-15 

240 

1-1791 

0-2264 

- ... 

11-4 

0-3932 

9-05 

8-05 


TABLE 12 

200 gm. Soil + 1% C as Cactus + 0*5% P a O B as Bihar rock phosphate 


Light 


.0 

2-4410 

0-2028 

. . • 

4-8 

0-1264 

11-85 

9-3 

60 

1-6550 

0-2283 

32-5 

8-15 

0-1498 

1090 

8-60 

120 

1-3963 

0-2372 

32-9 

11-85 

0-1762 

9-25 

8 35 

180 

1-2254 

0-2427 

32-8 

14-60 

0-2016 

8-56 

7-85 

240 

1-0497 

0-2413 

. ••• 

. 17-40 

0-2270 

8-00 

7-70 




Dark 




0 

2-4410 . 

0-2028 

• • « 

4-8 

0-1264 

11-85 

- 9-3 

60 

1-8381 

a-2137 ■ 

18-1 

6-3 

0-1347 

10-82 - 

8-80 

120 

1-5867 

0-2185 

18-4 

8-18 

' 0-1482 

10-25 

'8-65 

180 

1-4012 

0-2218 

18*2 . 

9-05 

0-1605 

. 9;85 1.'; 

„8*35 

240 

1-2450 

0-2211 


10-20 

0-1727 

9-60- 

-8-25 
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Discussion . 

From the foregoing observations it is clear that carbonaceous materials like 
starch, water hyacinth and cactus, when added to the alkali soils, are slowly 
oxidised in contact with air and there is a considerable increase in the total 
nitrogen content. It will he observe d in these tables (Tables 1 to 12) that the 
amount of carbon oxidised in presence of light is greater than the amount oxidised 
in the dark, Also, the efficiency of nitrogen fixation, i*. the amount of nitrogen fixed 
in milligram per gram of carbon oxidised, is greater in presence of light than in its 
absence with all the . three types of organic substances studied. The following 
order of the rate of oxidation of organic, materials has been noted ; 

Starch > Water hyacinth > Cactus. 

The same order of the rate of oxidation follows in the sets kept in the dark, 
although, the amount of carbon oxidised in the dark set is less. In explaining 
the nitrog n fixation in soils, Dhar postulates that the atomic hydrogen, formed 
during the decomposition of water by the enargy liberated from oxidation of 
carbonaceous materials in the soil, combines with the atmospheric nitrogen' and 
thus fixes nitrogen. 

6 H«>0 + 676 K.Gals ^ 6H + 60H 
6H + N 2 v* 2NH 3 

The ammonia formed readily undergoes oxidation and forms nitrite and 
nitrate and finally amino acids and protems in the soil. 

-fi0 2 +0 2 4" Carbohydrates 

* NH S -4N0 3 : — » Aminoacids (Protein) 

The reaction is enhanced in sunlight of artificial light, Ranjan and Bhatta- 
dharya®- also observed photochemical nitrogen fixation in sterile soils using cellu- 
lose as energy material. Kerr 9 has also shown that the fixation of nitrogen in 
light is double than in dark in some of the sandy loamy soils. 

_ It is interesting to note that the rate of oxidation of organic materials and 
efficiency of nitrogen fixation increases in the sets where different phosphatic 
amendments like German basic slag, Tata basic slag and Bihar rock phosphate 
have been mixed with organic materials. It has been observed that the oxidation 
of carbon from the various materials is greater with basic slag than with rock 
phosphate. This is due to the fact that basic slag is more alkaline than rock 
phosphate and it is well known that alkalinity Accelerates the oxidation. The 
order of efficiency of basic slags and rock phosphates in oxidising organic matter 
is As follows r ' 4 6 6 

German balidslag > Tata basic slag > Bihar rock phosphate 

* order of efficiency of the nitrogen fixation of different organic matter 

with basic slags and rock phosphate is as follows ; 


Starch > Water hyacinth > Cactus 

rp , , I LK 1 also , inte „ rcs . tin g to notc from the experimental results (Table 1 to 
Table 12) that loss of nitrogen takes place after 90 days in the case of starch and 
“ tb< ? of w fter hyacinth and cactus. This is due to the fact 
that the C/N ratio gradually tends to decrease. However, it has been observed 
wl .££2* of ° l . tr °S e 5 18 retarded in the sets where phosphate amendments have 
j*t d d r Tbls . is due to the formation of stable phospho-proteins by the 

Ew w nl 0 l AV arl<i P j h ol ph< ? rU8 ,„ com P° und s- Similar res ults have been 
obtai ne d by Dhar, Mura and S hanker 10 . 
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The results recorded in Tables 1-12 show that the exchangeable calcium of 
■ the system increases when different phospha tic amendments are added to alkali 
soil in presence of different organic substances. The increase is greater in light 
than in the dark. The increase in exchangeable calcium observed on the addition 
of phosphatic amendments along with organic matter, is much greater than 
on the addition of organic matter alone. In this case, carbonic acid and organic 
acids, produced by the decomposition of organic matter and small amount of 
of nitric acid produced by the nitrification of organic compounds dissolve not only 
the native soil phosphates from alkali soil but also dissolve phosphates from 
phosphatic amendments. Soluble calcuim ions thus brought into solution replace 
sodium ions from the exchange complex of the soil thereby increasing the ex- 
changeable calcium status of the system. Lyon and Buckman 11 have suggested that 
the following reaction takes place on the application of basic slag to soils ; 

(CaO) 5 P 2 0 5 Si0 2 + 8CO s -f 6H 2 0 = Ca[H 2 P0 4 ) 2 + 4Ca(HCO s ) 2 + SiO s 
The soluble Ca (RjPG^ and Ca(HC0 3 ) 2 are effective in the increase of exchange- 
able calcium. 

The chief phosphatic constituents of rock phosphate, carbonato-apatite 
[Ca 3 (P0 4 ) 2 ] 3 GaG0 3 and fluorapatite [Ca 3 (P0 4 } 2 j 3 CaF 2 react with carbonic 
acid and nitric acids produced in the alkali soils in the following manner ; 

[Ca 3 (P0 4 ) 2 ] 3 GaCO s + 6H 2 GO s = 3Ca (H 2 PQ 4 ) 2 + 7CaCQ 3 

[Ca 3 (P0 4 ) 2 ] 3 CaCC> 3 + 14HNO a » 3Ga (H 2 P0 4 ) 2 + 7Ga(NO B ) 2 + H 2 GO s 

[Ca,(P0 4 ) 2 ] 3 CaF 2 + 7H 2 G0 3 = 3Ca *H 2 PQ 4 ) 2 + 7GaCQ 3 + 2HF 

[Ca 3 (P0 4 ) 2 ] 3 GaF 2 + 14HNO s = 3Ca (H 2 P0 4 ) 2 + 7Ga(NG 3 ) 2 + 2HF 

The soluble Ga{H 2 P0 4 ) 2 and 0a(NO 3 ) 2 produced supply calcium ions for the 
improvement of exchangeable calcium status of alkali soils. 

It is noted - from Tables 1 to l2 that the available phosphate of the system 
increases with the oxidation of organic matter and that a greater increase of avail- 
able phosphate is obtained by the addition of phosphatic amendments along with 
organic matter to alkali soil than when organic matter alone is added. This 
enhanced availability can be ascribed to the soluble phosphates obtained from the 
phosphatic amendments. With the oxidation of o.ganic matter carbonic acid 
and organic acids are produced which are responsible for the production of 
dir and small amounts of mono- calcium phosphates. Moreover, the organic 
acids like oxalic, propionic, citric etc. prevent phosphate precipitation by iron 
and aluminium and thus increase the availability of phosphates. Similarly, 
nitrous and nitric acids .formed in the ammonification and nitrification of proteins 
make phosphate more readily available. Bauer 1 -, Copeland and Merkle 13 Ger- 
retsen 1 * and Midgley and Dunklee 15 have shown that phosphate added to the soil 
with organic matter has greater availability than the same amount of phosphate 
added alone. Bradley and Sieling 36 , Struther and Sieling 17 and Swenson, Gole and 
Sieling 18 have also shovp the organic acids produced by the oxidation of organic 
matter in soil increase the availability of phosphate by preventing its precipitation 
by iron and aluminium. Jensen 19 reported that water extracts of decomposing 
organic matter were 1 to 5 times more effective than water alone in dissolving 
phosphate from soils. 

The results recorded in Tables 1 to 12 show a decrease in electrical con- 
ductivity with the oxidation of organic matter. The different acids (already 
described), produced by the oxidation of organic matter, react with the alkalinity 
of the alkali soil and form water and neutral salts. It is well known that the 
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electrical conductivity of sodium hydroxide is much greater than the electrical^ 
conductivity of sodium salts like sodium chloride, sodium sulphate under equiva- l 
lent concentrations. Hence, in the process of decrease of the pH values of alkali 
soils, sodium salts are produced at the expense of sodium hydroxide which is 
always present in the alkali soils and thus the electrical conductivity of the water 
extract decreases. This view can be supported by the work done by Davies 20 and 
Glasstone 21 , Earned and Reven 22 and Me limes 23 . 

From a study of Tables 1 to 12, it is clear that the lowering of pH on the 
additionofphosphatic amendments along with organic matter is greater than when 
or&aiiic matter alone is added. This is because of the fact that phosphate in- 
creases the rate of oxidation of organic matter there by producing more carbonic 
acid and organic acids like oxalic, citric, malic etc. which bring down the pH. 
Moreover, nitrous and nitric acids formed in the ammonification and nitrification 
of proteins contained in organic materials also neutralise the alkalinity. Thus, 
the rate of oxidation of organic matter is directly proportional to the lowering of 
pH value. ° 

Thus, it is clear from these investigations that the addition of a mixture of 
organic matter and phosphate to alkali soil brings about a permanent reclamation 
by increasing total nitrogen, exchangeable calcium, available phosphate and 
Humus status and by decreasing pH value and electrical conductivity of soil. 
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D. H. Lehmer proved [1] the following result. 

(.- - St ?: !'.%£■ " be " l ' gerj mch tta >o 

( a o ?o + a i ?i + + ah qh) h 

taken over all sets (a 0 , a lt . . . aj) satisfying 

and 

a o + «i + •••• + aje = r (mod m), 
is independent of r. 

. , object of the present note is to indicate an extension of this result. The 
method of proof is similar to that of Lehmer except that it makes use of 'Operator’s 
rather than differentiation. A similar extension has been obtained by me in PI 
m a^slightly less general form by using the multinomial theorem. We shall prove 

Theorem. Let g 0 , q u . . . q k be an arbitrary set of k -f 1 complex numbers 
. (distinct or not), and let m be an integer >2, complex numbers 

; Let S be the collection of all numbers of the form 

n 0,1 °o "b #i ?i . • . • + oy fy + 
and S(j) the collection of all numbers of the form 
(2) fly « «o ?o + fli ft. + .... -f (m - 1 - ay) yy . 

where the «*• are integers satisfying 

0 < <n < m - 1 (0 < i < *) 

let S’j.j O < r < m - 1, be the collection of elements of S, and SJi), 0 < » 

;< *» the collection of all elements of S(j) for each of which 

flo+fli+ • . . . + a* ' = r (mod m) 

ff’hen for P(x), a complex polynomial of degree less than or equal to k, each of the 

Sums S P<*+») and 2 P(*+ny), 6 < r < m - 1, 0 <j < k, is independent 

* ntS r njeSrUh 

OI f, 
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+ a* 9k 


+ a u 9k, (0 <J < k ) 



2 P(*+«) = 2 

njsS t U) 


\v/ Let b be an arbitrary complex number and let E(b) bean 

operator which maps the polynomial P(x) onto the polynomial P(x~\-b). Then since 


~ E(a) P(x+b) = P(x+b+a)~ P(x+a+b) and E(a+b) P(x) = 
: Pix^ri^b) we have , 


what follows m is to be a fixed integer > 2 and * any mth root of unity. We 
2 P(*+») is independent of r, 0 ^ r < m - 1, Consider the 

mSf , 


;■ [*° 5(0 qi) + e 1 E( 1 £i) + . . * . + e m ~ l E(m-~ 1 qi)] 

ying out and using (3) we get the following algebraic identity 


h m-i 

Ei 2 e r E{r qi) = 2 e v(n) E f n ) 

,=8 f=0 neS 


where r(«) _ + +«& when n 18 given by (1 ) ; and further if a number 

f/ i . l Tf lore ***** representation of the specified kind, the right hand sum in 
W includes a term for each representation. If we now take e "tfc 1 we find that 


m*i 1 

2 e r 

fa*© 


m-i 

= 2 V ?(*+"?») 

fs=0 


we find that 


tpii 

■te 


w-i m-i ' ' 

2 t r + 2 e r 

' r=o - , , * = q 


,•>') " . : ■ 


^coefficient ofP(4 and <£(*, r) is a polynomial of degree 

vBwr«8«v , ■ .i/,, t.?,.. . t ...... ^ , , 0 


«i-i 

2 t r « 0 
■* r*=o v '- 


: 1 


th&resnk l° f Smaller de S rce * We conclude from 
tlon {4} maps P(x) onto zero. operators, tb^kft side bftheequa- 




\ 



m - 1 

= 2 e r 2 jP(*+b) = 0 , « ^ 1. 

7*=° ffP.C 


neS, 


We have to show that for all polynomials P(*) of degree < k 


( 7 ) 


2 P(*+n) = 
Be5 0 


= 2 P{*+n) 

neStjt-i 


If wc denote by D r the difference 


D r — 2 P(*+n) - 2 ?(*+«) 

neS. 


neS K 


it suffices to show that 

( 8 ) D r = 0(r» 1, »* 1 ) 

In view of (51 and ( 6 ) we have 

(9) 


m-i 

2 e r D r = 0 
r=i 


Now (9) holds for every m root of unity e =£ 1. Hence if we consider a primitive 
m th root of unity, the other e 9 s are of the form eS ( q — 2, 3, . * m - 1) T Thus 
gives rise to a set of m - l homogeneous equations 




2 « sr D r = 0 {q = 1, 2, m - i) 




in Z) 1} D 2 , . . . £m-] with matrix (e? r ), 1 < 5 < m - I, I < r < m - L This 

matrix is of Vandermonde type in distinct numbers e, e\ <>*»-* and hence die 

matrix is non-singular. Therefore the equations (10) has no solutions other than 
D r — 0 , r = 1 , 2 , . . m-X. Thus ( 8 ) and hence (7) is proved. 

We next prove that 2 P(x+ny) is independent of r, Q < 't <. m - 1, 

»/ g S r (J) 

Os^j^k. Here we construct, corresponding to (4), the following identity for 
any fixed j = 0 , 1 k : 


:h) 


m 2 E(rq 0 ) 2 E{rqi) ... 2 e*E (m-l-r S/ ) . . . . t * r 
r —o r=o r=o 


2 « 0(n / £(«/) 


w / 

vhere o(«i) = «_ 4- when nt is given by (2). As before we see that the 

jperator on the left side of (11) map a polynomial P{x) of degree < k onto zero. 
Hence 
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:1# 


2 
m & 


E{n^P(x) « 2 A n i)p{x+ nj ) 


m-i 

r=o ■■ 


| . P(Hnj) 


P, #9* 1 


a«d the proof that , J ^ **(*+#/) is. independent of r follows as before. Finally 
since from (6) and 1 12) 

F(*+h) 2 e r = S P(#+ny) g e r _ q 

™Sr r=0 njeSrU) * '=° 

; for :«refy « ifi roots of unity # * I, we have, for P(,) a polynomial of degree < ,* 

where A.> Ob; a constant. But as ay runs through a complete set of residues 

; |ntod«)^> does m-l-aj. Thus if we replace aj by m-l-aj in each side of (rf' 
we should have 3 

V (**)" . 2 P(x+nA = 

rtfeS r (j\ 

From (13) and ( 14) we have a, =* 

completes the proof of the theorem. 

integers, P(x) ■«;'*»; 0 < A < A and * - 0 in th- thee- 
0 < ' < - 1.0 </ . V each £m; 

2Ltw " «■' - »«•* (0 < r < L 1, are ,he l 1 » “ ' 
wtucil affar< * a sol&tioa of the Tarry-Eseott problem of decree & anH r, a • * 

■“ ** — * -« * ^ 

m* rt rt £ r 3< 4 • y* 

-rtefU. ’ ’ » e there the corresponding extension of Prouhet’s 


fuS f 

1 and so 


s P(*+n) = s P(*+»A Thk 
« £ ^r ns5 r (j) . 




I. Tte Stripta Math., 13, 37-4j;C 

2* Snihaj X* N> A note on Ti M r i. ("1947.) 

3. Prfi^E cT^M¥^^ ' 0hlti ° D 0fthcTarry ' Es<;0tt x' 

>; ; ; ■: Q - R ' Acad 33, 225, (185 1 .) - 
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irrfsition Probabilities for Electronic Spectra of Li 2 and C 2 
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[Received on 2nd June, 1969] 

The computations of transition probabilities in ^diatomic and polyatomic 
molecules have made use °f the dipole moment operator exclusively in its dipole 
length form’ : It is well known, however that the dipole operator may be expreK 
mother formally equivalent forms, namely, in the velocity and acceleration forms 
Sorfi;? S hC diP ° C Vel0Clty °P erator for atoms have been made by many 

^siE mobaWMes 65 ^ J* ? e d j pole len « th prater method of calculating 
SiWS : y. be , found m Mulliken and Rieke’s review 1 . The 

dipole strength D for a transition between two electronic states, k and /, is given by 

.... n 


■° = Si g a 


in which 


Q,i = S’Pk q% dr 


(1) 


( 2 ) 


* being the yecter x,y, z . We are interested in calculating the oscillator strength 
or the transition between the states k and l (classically, the number of dispersion 
electrons involved in the transition). This oscillator strength is given bv the 
following formula derived for a single narrow absorption band at wave number v 
m the gaseous state. 


f = (8w 2 mc/3 h) v D = 1 ’085 X 10 u vD 
(for v in cm- 1 and D in cm 2 ) 


(3) 


previous practice has made use of this formula calculating D theoretically by 
Kq s. (1) and (2), and inserting the observed frequency of the transition for v. 
.ms, is then, what may be called a semitheoretical treatment. 

v The calculation of oscillator strengths making use of the dipole velocity 

mrator uses Eq s. (1 ) and (3) in the form presented here but in place ofEq (2) 
* equivalant integral 4 ' [ J 


di = [2l(Ei - E k )] f ft J- ft & 


(4) 

■ ■ '■ - 1 v " r 

employed. It should be noted that the energy difference Ei - Eu, in Ea. /4 1 ) is 
lven *** die uhits of Rydbergs. If we absorb the Rydberg constant as well as the 


[101 1 


mWersfan facter from cm to atomic units in 
convenient formula for / 


(3), we arrive at the 


7= H64X to* Jy 



In this formula . ^ the energy difference has been used to cancels 

frequency appearing in Eq (3). For the purposes of the present calculation k 
formula mil be used in this form with substitution of the observed frequency fe* 

equauon (5) s y is in the wave numbers and the integral is ext>ressrd mtu * 1 ’ w 
»»». G fc a &.Kr^licl, take, account thf^b3£SU£J&?TS 
slates to winch transitions are possible from a single initial state. Fot tteclbSjM 
tions presented here G is one for all the states of Li 2 and C 2 . lcuW 

The following transitions LL, A l 2 u + — X 1 x„+ and c 1 v + vi „ * wl 

Ct 5 *’*«-*%+> B%- XH U , hJ- \ _ f, 2 » . 

t^te obtained are m good agreement, in the case of C, for Stt. _ 4 ail 
» transition with the previous work of Shull*. 8 Table l cbJ 


TABLE 1 
Values of Integrals Used 



% 

J* 2 % |~2jfccr& 


TABLE 2 


Computed Transition Probabilities 


Molecule 


Transition 


f 

Li 2 

2cTpr— 2cr w 


14068 

0-8688 


2o"gf”^3cr w 

c 1 2 tt +-Z %+ 

30558 

0-0158 

C 3 

V u — 3o- & 

b l * u —x *2 g 

8391 

0-8931 


V,,— V ? 

B — X 

40080 

0-0995 




43240 

0-1206 


2cr^~— 3tr ^ 

C 3 7Tp £ 1 3T W 

25870 

0-2016 




19306 

0-2702 
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The experimental neutron yield for the 2*8 Mev level of Be 8 has been com** 
pared with the Butler’s 1 theory (1957), A comparison of the date shows that the 
target lithium nucleus accepts a proton of angular momentum = 1 and the spin 
of this level is either 0 or 2 with even parity. 

The neutrons from the deuteron (500 Kev) bombardment have been collected 
over 400/a thick Ilford nuclear Emulsion plates at 0°, 45°, 60°, 90°, 120°, 125°, and 
150°. The neutron density in centre of mass system after normalisation in forward 
direction shows a pronounced maximum and the fore-and-aft symmetry is missing. 
Data has been further subjected in light of Butler’s theory. 



ANGLE (C-M.) 

The yield has been obtained using Butler’s theory for various values of 
proton angular momentum transfer. The curve at 1^ =1 (fig. 1) fits well among 
the curves that are drawn at ~ 0, 1, 2 and 3. This suggests that the 2*8 Mev 
level of Be 8 accepts a proton of angular momentum one directly and the Spin of 
this h vel is 0+ or 2+ (the odd values being not permissible for the experimentally 
observed break up of Be 8 into two ^particles (Crussards 2 and Jon^s el a/ 3 ). 
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